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A STATISTICAL ANALYSIS OF THE DOMESTIC DEMAND FOR LEMONS, 1921-1941 


Ge Me Kuznets Y and Lawrence Re Klein e/ 


Introduction 

This report presents some of the results of a study of the lemon industry 
now in progress at the Giannini Foundation of Agricultural Economics of the Univer- 
sity of Californias Specifically, this paper describes a statistical analysis of 
the demand relations facing henitions Of of California lemonse 

The period under review is the twenty-year period 1921 to 1941. The geo- 
graphic market for the purposes of this study is the continental United States. 
During the last half of the period, that is, since 1932, practically all of the 
lemons marketed in the United States were produced in California. This, however, 
is not true of the first part of the periode In some of the earlier years imports 
constituted a significant fraction of our total lemon supplye 

California lemons are marketed in’ the United States throughout the yeare 
The marketing year is generally taken to be the twelve-month period, November 1 to 
October 3le Numerous references in the trade literature point to the notion that 
the demand for lemons marketed during the winter months is affected by the prevalence 
of colds and influenza, while the demand during the summer months is greatly 
responsive to weather conditionse It would thus appear that greater homogeneity 
would be attained by a separate consideration of the demand situation prevailing 
during the winter and summer months. For this reason separate analyses are 


if Instructor in Agricultural Economics, Junior Agricultural Economist in the 
Experiment Station, and Junior Agricultural Economist on the Giannini Foundations 


2 

Bf Research Assistant on the Giannini Foundation, June to September, 1942. 
3/ A "handler" is defined by the California Agricultural Prorate Act as “any 

person receiving agricultural commodities from the producer for the purpose of 

marketing the same." Statutes of California, 1933. Chapter 754. 
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Ze 
presented in this paper for lemons shipped during the six months November through 


April (winter lemons) and for those shipped in May through October (summer lemons) 
of each marketing yeare 
The time sequence of seasonal average fedebe prices and domestic shipments 
of lemons is portrayed for the months cuinheb steed April in panel A, and for 
May through October in panel B of figure le 4/ It will be observed that both ship-= 
ment series exhibit a marked upward trend. Accompanying the upward trend in ship- 
ments is a price trend which éxhibits, at least for winter lemons, an obvious 
discontinuity roughly near the middle of the twenty-year periods For both winter 
and summer lemons the price trend is upward for the nine years 1922 through 1930. 
For the remaining eleven years the trend in the feosbe prices of winter lemons is 
horizontal, while the trend of the prices of summer lemons is declininge The 
tendency for the differential between fedebs prices of winter and summer lemons to 
diminish is evident. Attention should also be drawn to the marked season=to-season 
fluctuations in the separate price seriese The expected inverse relation between 
the year-to-year movements of prices and shipments is discernible for both winter 
and summer lemons, but exceptions to this tendency may be notede 
Such is the course that prices and shipments have taken during the period 
under consideration. What are the factors that have fashioned this sequence? 
How much and in what manner have these factors influenced the two time series? 


These are the questions considered in this paper. 
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4 These series are given in appendix As The price series consist of the 
average prices, fedebe packing seid of lemons marketed by the California Fruit 
Growers Exchangeée 
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Fig. 1.-- California f.o.b. price and domestic shipments of (A) winter and (B) summer lemons, 1921-22 to 1940-41. 
The equations of the least squares price trend lines are (1) pi, = 3.7022 + 0.1283 t, (origin at 1925-26), 
(2) pit = 3.0027 - 0,0066 to (origin at 1935-36), (3) Pi = 4.5453 + 0.1230 (origin at 1926), 
(4) ph = 5.7627 - .1255 ty (origin at 1936). (Data from tables 13, 17, and 18, appendix A.) 
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Statistical Considerations 


Formally, the observations of price and quantity recorded in the market may 
be viewed as the simultaneous solutions of the equations, 


! " 
f, (ps qs ass ais eee, a) = 0 
: " n t= Le 2» eees N 
Et (Ps 43 bis bys ees b,) = 0 
where p is price, q is quantity, f, is the demand schedule at time t, & is the 
supply schedule, a and vd are the parameters of the two schedules. It is probably 
psychologically more defensible and logically more convenient to view the market 


observations as the simultaneous solutions of the above equations in a stochastic 


model, after a random component has been added to each; that is, as the solutions of 


1 m t 
fy (Ps 4s B8,5 B85 eves A 5 S,) = 0 
Res a a 
t " n t= l, 29 eees N 
Et (ps qs Dis bes eees bi» s,) =0 


where s, and 5, are random variables. 
If one of the two curves fy or &y remained fixed while the other shifted, 

the price-quantity scatter would trace out the stable curve. This situation, it 

has been argued, is approximated for some commodities, such as agricultural 


&/ 


reasonable to assume that the supply curve for lemons has not remained fixed, but 


staples. Clearly, however, this condition is not met by our data. It is 
has shifted in response to varying crop conditions and to changes in other factorse 
But it cannot be assumed that the demand schedule has remained fixede The demand 
for lemons is presumed to be affected by weather conditions during the summer months 
and by the prevalence of colds and influenza during the wintere These are abruptly 
changing factors which should induce erratic shifts of the demand curve from one 
period to anothere 
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5 
ey Schultz, He The theory and measurement of demand. The University of 
Chicago Presse Chicago, 1938. pe 136. 
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With both schedules shifting, the parameters of the theoretical demand 
schedule could still be estimated if (1) the form of the demand curve, (2) the 
complete set of shift variables, and (3) the distribution functions of the random 
components were known. Not all of these items of information, however, are equally 
important for the determination of statistical demand functions. It is argued here 
that useful demand equations can be secured even if nothing is know concerning the 
form of the demand function and the distribution functions of the random components e 

Let us suppose that we are able to catalogue and measure the important factors 
which cause the demand to shift, and that these factors are, on the whole, distinct 
from those that affect supply. Let us then choose some function and some method of 
fit -- being guided in this primarily by considerations of simplicity and convenience, 
but taking care not to gainsay whatever information is supplied by economic theory 
and our acquaintance with the commodity and its markets. Finally, let us suppose 
that with these shift variables and Pungtion we have secured an excellent fit (the 
measure of goodness of fit being consistent with our assumptions concerning the 
random components). The resulting equation is not the market demand schedule of 
the theoretical economist, but it is something more than just an estimation equation 
for predicting price and quantity. It is clearly an equation pertaining to the 
Gemand side of the market.e Such equations, it is felt, should give us an insight 
into the demand relations prevailing in the markete 

The foregoing argument constitutes in a sense the rationale of this studye. 
The remainder of this section is devoted to a more detailed consideration of the 
procedure we have followede 

le Shift Variablese-- Among the shift variables we have employed are 
indexes measuring the level of temperatures prevailing in the important metropolitan 
districts of this country, income payments used as a \igesdee of consumer purchasing 
power, and “time.” There is little doubt that the temperature variables measure 
factors which act on the demand side of the markete The most obvious influence of 


temperature on supply is through the effect on crop conditions, but the geographical 
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coverage of the temperature variable excludes this possibility. "Time" should be 
adequate for "explaining" shifts in demand due to widespread advertising campaigns 
and gradual changes in consumption habits. Income payments, in so far as they 
represent consumer purchasing power, are a demand factors; but the role played by 
this variable is equivocal because this index could be used as a measure of general 
business conditions and thus be simultaneously (although with a smaller weight) a 
supply factore These variables considered as a group, however, are seen to be 
important on the demand rather than the supply side of the market. 
2e Form of Equationse-= In this study, price or quantity was expressed as 
a linear function of the shift variables or of their logarithms. By this it was 
implicitly assumed that the shifts of the demand schedule are parallel. At a time 
t the net relation between price and quantity is p = aq + d, or log p = a log q + di, 
where d, and ay are the shift parameters of the demand schedulee It is evident 
that qd, is a weighted average of the values of the shift variables at time t,and that 
a, is a similar average of their logarithms -= the weights in both cases consisting 
of the coefficients of the shift variables. 
The conventional character of this procedure must be emphasized. There is a 
temptation to attach too much significance to the specific form of the net relations, 
especially if the fit of the total equation is goode However, other functions 
describing markedly different net relations might fit the date equally well and 
possibly better than the functions selected by the investigatore It is chiefly 
because of the uncertainty concerning the form of the net relations that two 
different, yet a priori equally admissible functions, were fitted. But it is not 
intended that this choice imply that the true relations lie somewhere between the 
net relations described by the two functionse 
Se Method of Fite-~ If the statistical results of this paper are to be 


looked upon merely as estimation equations, then the following model may be adopteds 
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Te 
X; =m; + ey 


My = 0759 + Gp549 + see + On58, 


(i = l, 25 aes. N) 


where the X;*s are the N observations of the dependent variable, m; = E(X;) is the 
expectation of X35 the e;'s are independent random variables with standard errors 
g; = (unknown), 8/ the o4;'s are known numbers, and the a's are unknown para= 
meterse This specification makes possible the caleulation of the best unbiased 
linear estimate of the dependent variable and of the unbiased estimate of its 
standard errore Se seater is unbiased estimate of the standard error of the 
coefficients of the above linear estimate (net regression coefficients) may also 
be calculateds 
4s. Tests of Significance s-~ In the course of the investigation questions 
usually arise concerning the satisfactoriness of the equation as a whole and con- 
cerning the significance of the coefficients of the equation. Criteria either in 
terms of the standard error of the regression function or in terms of the standard 
error of the regression coefficients may be formulated by the investigator to answer 
such questionse. For example, the equation may be deemed satisfactory if the ratio 
of the standard error of the equation to the estimated value is less than some 
number ke. Or a given independent variable may be eliminated if the ratio of its 
coefficient to the standard error is less than a certain fixed valuee The advantage 
of such “absolute” criteria is that they do not involve knowledge of the distribution 
function of the residuals ©se Such tests, however, are in the main unsatisfactory 
S/ More generally, Jy = B;O where B;'s are known numberse. Throughout we 
assume that By; #1. (i = 1, 25 woos. N)e 
a/ "Unbiased in the sense that the mathematical expectation of the estimate is 
equal to the true value and best" in the sense that of all unbiased linear estimates 
it has the smallest standard errors A detailed derivation of the estimate = of 
its standard error is given in: David, Fe.Ne.and Je. Neyman. Extension of the 
Markoff theorem on least squarese, Statistical Research Memoirs 2:105-116. 1938.4 
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8 
because of their extreme arbitrariness and because, without knowledge of the distri- 
bution functions, only very weak probability statements can be made. 
The assumption that the residuals follow the normal law removes the arbitrari- 
ness inherent in the use of "absolute" criteria in multiple regression. However y 
such an assumption as to the distribution of the residuals may be considered arbi- 
trary in that there are many other equally admissible assumptions about the pro= 
bability function of the residualse It may be desirable to consider the hypothesis 
most frequently tested in this paper, namely, that one of the satin SAY Bs» 
is zero in some detail so that the nature of the test may be properly appreciated. 
Let U be the set of hypotheses ascribing to A, 2099 S2g90 any real values 
with the restriction that O>0, and let u be a subset of U consisting of hypotheses 
specifying i O but ascribing to the other parameters A@ls.cees 2,35 0 any real 
values (07 >0)s According to the Neyman-Pearson principle of Likelihooa &/ the 
test of the hypothesis ag = 0 should be based on the value of the ratio 
L = Py / by 
or a constantly increasing or decreasing function of L » where p, is the maximum 
of the joint probability function of (Xz» Xg9. eovs Xp) relative to hypotheses con- 
tained in u,and Py @ similar maximum probability relative to hypotheses contained 
in Ue A low value of L implies that the set of observations (X1y eee, Xyy). is much 
more probable on the basis of some hypothesis included in (U-u) than on the basis 
of the hypothesis tested and would thus lead to a rejection of the latter, 
Direct calculations lead to the following expression for L , for the hypo- 
thesis tested a * Oz 


bi. active re) N/2 


where TL. is the partial correlation coefficient. It is somewhat more convenient 
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8/ Neyman, Je and Ey S. Pearson. On the use and interpretation of certain test 
criteria for purposes of statistical inference. Part Ie. Biometrika 20A:175-240. 
1928. 
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to use the following constantly decreasing function of L , 


z 2 2 
L, = cin) (L~2/N 2) (Nes) * xs. ] 
= er ye 


l-r 
XSe 


It will be recognized that L 1 is the ratio of the net regression coefficient of X 
on s to the unbiased estimate of its standard errore The distribution of this ratio 
for the case a, = 0 is known, 2/ and thus the probability of rejecting a true 
hypothesis may be reduced to any desired level. 
It has been shown that a common best critical region for all admissible 
alternatives exists if the hypotheses in (U-u) specify a> 0 or acc 0. 10/ This 
region is defined by the inequality Ly >t, for a&.>0 or by the inequality 
Li,a-~-t, for @,<€ 0. In these inequalities t, is obtained from tables of the 
integral of the Student-Fisher t distribution for (N-s) degrees of freedom and for 
(probability of rejecting a true hypothesis) based on one tail of the distribution. A 
test based on the best critical region is to be preferred to other tests because 
for any set level of significance, its power (the probability of rejecting the 
hypothesis when it is wrong) is not less than the power of any other test determined 
at the same level of significance. 
The use of "standard errors" in connection with time-series data is 
frequently criticized by economists and statisticianse Aside from the question of 
the formal satisfaction by the data of the specific assumptions underlying the 
commonly used tests, much of the strength of the criticism is derived from a general 
feeling concerning the lack of realism in the basic specificationse The notion of 
a random sample when applied to describe a configuration of prices or quantities 
over time appears to be highly inappropriate, not only because the price or quantity 
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af Fisher, Re Ae Application of "Student's" distribution. Metron 5:90-104, 
1925.4 


10o/ Kolodziejezyk, Se On an important class of statistical hypothesese Bio- 
metrika 27:161-190,. 1935. 


ee ee Oe oe ee et a OS Oe es OS Oe ae Oe Oe ee Oe ay Oe OS et Oe ee ee OS OO ee OO ee ee Oe te ee ee oe oe oe et oe oe - 








10 dotdenilt -aiaea vituatanco nofvelict ent ean ot 


pg wal af es ~ OT} + (awit) = i 
cee banal : 
" «Ngee Sh 


@ 3x, 


an = 


¥ 90 InetolYteos nolsactyet gen orld to btn’ olf ef ; i tent besissooot od [fiw + 


ri 


oitat 2ict to mofdudiatetS off awe Pe canberca adi to stamttee bessidmr oat of & m0 


get AS 
\ ‘ r «uF ae : tim 25 ? 7 id s F te 
eut 5 guivostst to wWilidadotq ot emit hae eitword 2f 0 = 4s sage erly 40% 


~ [level bewteeS vae at heowbedt od yan siseritoryl 


ffs “ot nétset Isoltite teed mommoe = tart cwode peed eat at -. 
y . eee! .» res 
‘ 


* Fy 
tell} mi seaedtoryd at? is ace inp asvitatrres La 





‘3 to C <8 ‘Viieogs 


SE ak ae ‘Et 

Wei fc uppek- ent we to O2. 2 tot pit zl Wilisrpett eft vd sere haut Bi moinnet 
< Peatoe Ey ays 4 e re! 

eat Yo goldad mort entacds ‘ad a pelstt. pent eseds of 20>, 8 sot wt Maer S 


“ kes here ee Gen vat 


jo OF hea mobeett te asetass too ets sobtud inbets 3 tege Eiesapnate, edt ts Detaevni 


‘ 
dat PE ge ad eee “ 


Aenoltudittoth -edtt. to! Eke -end’ neo Bodied ‘Célaialines enay spagooter to yp kiicados 2 ) 








fe = He es ok Sipe Tk 3 . 
eeposd steed -tenso" ox bsviets a “ed ‘ot be so ise Laoktl "19 teed off m0. hana tot 
mo “at ties 2 ras ree ars m i : 4 
eat qu ttoutet “ho nig Teel is ciies “sid y ow or ‘ast econ ao rere nae %o Jeyel tes yao v0? 


Fe =I 


honisriegeh seed todo Yyis to ““entbog ‘eRe aks eer Sox afperigoqyd 





edits phe. _ 20 dares ense eit va 





SN Tete Lo ae 
= ‘ eer ener es eb, rage) lek # em 
Bi stab yotroa-sicks WEEE sic Toortmoe ai “eworte due bene Be 98 of8, 
eae hy eg pte wor enue ae. (ree 

2" uy ‘ f ie > ” Sewe 

ig tae of 5 - : 
to moijcedty et moth SPis! pisaghy ig . edge tmnneee..+¢d sdeds bao ebeoiapees 

Me teags se es: : pore om 


‘ eae ry) 


ert sateiuebar aco todiwers. sy 






sce ost % steb ost Ee: asspgenty es Sante? orit 
Ioqenes. 2 movt beviteh af opt 3sia8 oy 40 Al goon aiid. te segr sprog, bess xlzemios 
ee PRES re RO ARE 


* 





40 miiden.ofT: sactijadiiiobdes ‘otiad’ ‘ort st eatin 38 fost ond. guiepeonne gnifee? 
- ot 
= na bee Se Se 
settivisup 19 sooty ‘to aeitaw bFAco oo adbtoset ei be okigae To elgisg, mobs 2 


Ati 


eee 


Aras 


ytitassp to. eotuc ost seatteddd edité yon Ci Cemeimant ve Ligh od oF BACKER RMS. sero: 


Seaton a - eral 

rene ge oe ane ag 

ose Sc isa aie eer et wnt 
meee 

oe ors oe Sr ee ate a pe A LIEETS Vda onset arts ase Ging veneer Rha AS Sets ar ante ane em ay SPRINT } . 


- e. 


Pa ee rte ss Ps Se ferris Tsp bs 5 % . 
ed0in09 28, HonseM * ene is hatin’ Set uoiud 2" ‘0 nottacttogs. wA of «tore ht Sa 
ic] 4 + a éSe bi 


. & os nf a 74 
. ge Ses ee aes ae ee We ’ 


old saecodvoant indiitrata do “paelo gmedtocm? ma ac 28 atyediets sho dex JE 
e620I -O0l+ ENS poliarom 


Rees po beee 
St oe Sem ee 


PR cap ooze dae ane 


oo See ae OS 
Sm ent meen co tm eareennrren t en eh ee ae een 10 nh IP SRE At a wg em et ee Re SO as TR A hm Op 


wom 





10. 
observations may be shown to be serially related, but because the sequence of 
prices or quantities appears to be uniquee When separated from a consideration of 
the specific conditions which must be met by the data in each problem, such atti< 
tudes become an expression of the convictions of the investigator and are difficult 
to evaluate objectively. 
The randomness of residuals with regard to time is a condition of impor tance 
in the application of classigal regression methods to timeeseries datae The formal 
satisfaction of this condition in a given problem can be tested, at least approxi-= 
mately, and such tests have been carried out in this papere The normality of 
residuals, however, was not actually tested since there were too few observations 


on which to base such a teste 
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Demand for Summer Lemons 


11 


The shift variables considered explicitly in the analysis of demand for 


lemons during the summer months were consumer income, index of temperatures, time, 


and volume of productione 


Of these only the first two variables proved to be 


statistically significant, but there are indications that such trend factors as 


growth of population during the period under review, advertising, etce, did 
an influence on the demand for summer lemons in this country. 


Consumer Income. In table 1 is given the average weekly consumption 


exert 


of 


lemons by income class obtained in some of the regional samples of the 1935-36 


Consumer Purchases Studye 
tween family income and consumption of lemons is positive and tha 
range of income considered, the relation is approximately linear, L/ I 
have been of interest to combine such budget data with time series "mar 
data on prices and quantities as suggested recently by Marschak,< In 
manner additional information provided by the budget data could be util 
However, while this approach may be suitable in a study of demand for g 
the retail level, it is not well adapted to analyses of demand at other 
of the marketing processe The existence, at a given time, of a relati 
consumer income and lemon consumption is, therefore, used here only to 
that consumer income may be an important factor affecting demand for 1 


For a description of the particular income index employed (index of 
cultural income payments) and a discussion of its limitations, the read 
referred to appendix Ae Here it should be pointed out that both prices 
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It is seen that in these samples the relation be- 
t for the 
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and 


income are used throughout this study in current dollars --.no attempt has 


been made to deflate these series. It is largely a matter of individua 
ence as to, whether demand is to be defined in money or in real (deflate 
prices, 13/ It may be deemed desirable to eliminate from prices changes 


Nan 


assoc= 


iated with the movement of the general price level and to consider the effect 


on demand for a specific commodity of changes in real rather thah money 


incomese 


However, the crude adjustments commonly employed for this purpose are of ques= 


tionable validity; their use may actually distort the relations which the 


analysis seeks to describe. 


Weather , 
been observed by the trade. 


The effect of weather on the demand for summer lemons has long 
Since the principal use of lemons during the 
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u/ A similar relation is found in the September-November data for regions cited 


in table 1 and in the village and farm samples tabulated by the Bureau of 


omicse See; United States Bureau of Home Economicse 
dietary levels. Farm seriese Misc, Pub. 405. Urban and village series. 
Pube 4526 Washington, DeCes 1941, 


Home Econ- 
Family food consumption and 


isce 


12/ Marschak, Je Money illusion and demand analysis. Review of Economic State 


istics 25:40=48. February, 1943. 


13/ Workings, Ee Je Indications of changes in the demand for agricultural pro 


ducts. Jour, Farm Econ, 1422398256. 1932, 
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12. 


TABLE 1 
Weekly Average Consumption of Lemons by Native-White Nonrelief 
Families Classified by Income and Region, Selected Cities, 


May-August, 1936 


Average weekly family consumption of lemons 


Income New York | New England West Central | Pa 
class City and | and East 
Chicago Central 


Dozens 


500- 999 
1,000~1,499 


1, 500-1, 599 


2,000-2,999 


3,000-3,999 


4,000-4,999 





Source of data: 
United States Bureau of Labor Statistics. Study of consumer 
purchases. Family expenditures in selected cities, 1935-36. 
Volume 11: Food. Bulletin No. 648. Govt. Print. Off. Washington, 


De Ce 1940. 
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summer months is in cooling beverages, weather conditions affecting consump- 
tion of cold drinks may also be expected to affect the demand for Sareea 


It is unlikely that temperature is the only weather factor affecting the 
summer demand for lemonse Other factors such as relative humidity, amount of 
precipitation, wind velocity, hours of sunshine, etce, may be required t 
measure properly the effect of weathers. Furthermore, each of these vortibtea 
is in itself complex, and various characteristics of their temporal distribu- 
tion would have to be examined to determine the most appropriate measure or 
combination of measures to be employed. With the few observations at our dise 
posal, it was obviously unwise to attempt a comprehensive coverage of these 
factorse In the analyses to be described, we have used the average, for a 
number of cities, of daily positive departures of maximum temperatures from an 
arbitrary reference point to represent the weather variables A mention of + 
reasons leading to the choice of this measure will be found in appendix haria 


Trend Factors. Under the rubric "trend factors" are included demand influ- 
ences whose aggregate effect is to change the demand for lemons slowly and 
smoothly. During the twenty years under consideration the population of the 
continental United States increased by some 25 millions of persons; extensive 
advertising of lemons was carried on yearly, new outlets and better marketing 
facilities were developede It is reasonable to assume that in the seal be 
such factors have increased the demand for lemons slowly and smoothly. Because 
of the difficulty of measuring the separate net effects, of such variables, 
only their aggregate contribution can be consideredeLo/ 


It is usual in statistical demand studies based on time series data t 
account for the influence of trend factors by the introduction of a "tim 
variable. This practice has been followed in the present studye In the cor- 
relation of time series the variable "time" has also a more formalistic a 
to perform, namely to randomize residualse It is, of course, highly desirable 
that the contribution of "time" be minor relative to the contribution of the 
other more explicit independent variables; otherwise a large part of the 
variance of the dependent variable is allocated to factors not properly identi- 
fied. 


1 


= 


Volume of Domestic Production. The variables we have considered thus far 
are factors Which might reasonably be expected to affect the consumer demand 
for lemonse The statistical analyses reported in this paper, however’, oro 
oriented not toward consumer demand, but toward the derived demand, at the 
feoebe level, facing handlers of lemons. Hence, factors unrelated to consumer 
demand, but directly affecting the derived demand must also be considered. 
Such factors are certainly more difficult to measure than those already dis= 
cussede While it was not possible to undertake a thorough study of these 
variables, some attempts have been made to test their influence es 
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14/ snotnet temperature index is described in appendix Ee 


18/ he influence of the population factor was partly eliminated in some of the 
regression equations described below by the use of per-capita datas Such an adjust- 
ment, however, obviously ignores the effect of changes in the age distribution of 
the population. 
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Knowledge (expectations) by dealers of the volume of lemons available 
disposal as fresh fruit may exert a net influence on the level of fedebe 
In years of unusually large crops a given level of shipments may result 


prices substantially lower than those called forth in years of short cro 


(factors affecting consumer demand remaining constant) by an identical 1 
of shipmentse 


because of the anticipation of a fall in pricese 
spread knowledge among dealers of the shortness of the crop may induce a 
ingness to pay "scarcity" prices even though the supply of lemons in the 
sale markets may be ample. A striking illustration of the operation of 
mechanism is described in the next sectione 
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A widespread expectation of an unusually large crop may create 
an unwillingness on the part of dealers to buy extensively in the presen 
On the other hand, a wide- 


market 


will- 
whole= 
this 


The measurement of the influence of this variable is complicated by the fact 


that since 1924 marketing agreements containing provisions for limitatio 
shipments have been in effect in the lemon industrye Because of the pr 
of control over volume of shipments, it is possible that a greater expre 


of this factor is to be found in years characterized by short crops than 
However, until 1941 marketing agreements were not 
Furthermore, in years of large crops, grower pressure to increase 


years of large cropSe 
dustry-widee 
shipments regardless of demand conditions may be expected. Whatever the 
the fact is that, for the period under review, the year-to-year fluctua 
production were is icantly related to the year-to-year fluctuations 
quantity shipped. 16 

shipments and hence anticipated low pricese 


Mention has already been made of the fact that du 


mn of 
sence 
sion 
in 
in- 


Yeasons » 


— in 
i 


A large crops then, has meant more often than not 


large 


ring the 


Volume of Importse 
first half of the period under review large quantities of lemons were imported 


into this countrye 
consideration in a demand study, even though the problems created by imp 
are now only of historical interest. Little is known concerning the sub 
ability relations between imported and domestic lemons; hence not much 
said concerning the expected direction and degree of influence of the 

variables 
relationshipse 


c 
import 
The statistical analysis may throw some light on the above-mentioned 


This source of supply, obviously, cannot be left out of 


orts 
stitute 
be 


The series used in the analysis of demand for summer lemons are given in 


table 2, A linear form expressing f.oeb. prices as a function of total United States 


supply of lemons, nonagricultural income payments, and the temperature index was 


found to fit the data rather closely (see equation ls, table 3)~e An examination of 


the scattering of residuals about the various net regression lines, shown in figure 


17/ 


3, appendix C, did not reveal marked departures from linearitye 
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16/ The correlation between first differences in industry annual shipments and 


first differences in annual production is 255. 


17/ The charts given in appendix C were constructed by drawing a trace of the 
regression surface in a plane with the dependent variable measured on the vertical 


axis and each of the independent variables measured on the horizontal axise 


The 


points represent the residuals (see table 26, appendix B) as calculated from the re=- 
gression equation, plotted as deviations from the net regression line corresponding 


to the values of the independent variable at which they were calculatede 
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TABLE 2 


Summer Lemons: Basic Series Used in the Demand Analysis, 1922-1941 


er capita) Index of |Fer capita 
F .0-De j United |Domestic | Imports C.F.G.E. Outside} nonagri- } nonagri- 
States shipments| for con- domestic cultural cultural 
sumption shipments income * income 


88 88 
100 oi 
101 96 
110 
113 
116 


42114 393.8} 22429 6262 102.9 
: 0.860 56.5'| 0.264 82.5 36 24 16.0 


* 1935-39 = 100. 





Index of 
tempera- 





t 1922 = 100. 

Sources of data: Cote 1: Table’ 13. Cols. 8 and 9: Table 22. 
Colse 2 35 45..and 5: Table 18,5 Gals’ 10; Table 25, 
Cols. 6 and 7: Table 2l. 
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TABLE 3 


Summer Lemons: Regression Coefficients and Auxiliary Constants, 1922-1941 
(Figures in parentheses are standard errors) 











Net regression coefficients * ; Adjusted 
Dependent United | Nonagri- Index of j coefficient Elasticity; Flexibility 
Equation; variable | Constant | F.o-b. price! States Beeps acing tempera— |of multiple; of demand of price 
term supply income tures correlation 
Fy. c x} Xp Xz X4 R h r f t 
1s ¥) 4.3482 | | ~-0.0205 0.0445 | 0.0282 0.9050 ~1.9620 
| (0.0022) | eee?) (0.0047) 

2s | Xo ; 185.6147 -41.2473 | 221239 1.3774 0.9569 -0.4309 

ee See AD 44-4092) | ____ {0 22387, 0-1607) | 








Per capita Per capita | 
{| United “| nonagricul- 
| States {tural in- 





oe come 
F(x) x5 
3s x, « | 3.6617 | 0.0565 0.0272 
ti 
(0.3990) | (0.0075) (0.0046) 
4s x a 2295 0.0146 
0.0250 (0.0016) _j (0.0010) | 
5s Log x) 35555 | 2.0854 | 1.0356 0.0074 0.8922 —2.0854 
| (0.2385) |(0.2747) | (0.023) 
6s Log x, | 1.6757 =-0.3965 | 0.4865 0.0036 0.9507 tec 
| (0.0454) (0.0613) (0.0004) 





(Footnotes on next page) & 
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Table 3 continued: 


* = Seasonal average f.o«b. price in dollars per box. 


i | 
Xp = United States supply of lemons in units of 10,000 boxes. 
x = Per capita United States supply of lemons in pounds. 

x = Index of nonagricultural income payments, 1935-39 = 100. 

4 = Per capita index of nonagricultural income vayments in per cent. 

i, * Index of daily maximum temperature departures from 80° in 39 metropolitan districts, May through October. 
+ At the centroid. 


# In natural logarithms. 
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18. 
A linear equation oxpressing the United States supply afsummer lemons as a 
function of the fedebe- prices, -nonagricultural income, and the index of summer temp~ 
eratures (see equation 2s, table 3) was found to give an excellent fit to the datae- 
With supply as the dependent variable, the adjusted multiple eerrelation coefficient 
is 0¢9569 whieh is markedly higher than the corresponding coeffieient of 029050 
with price as. the dependent variablee. The scatters of supply residuals about the 
vayious net regression lines are shown in the panels of figure 4,-appendix C. It 
is evident from these charts that the use of curved net regressions would not marke 
edjy improve the fit of the equations 
The results of tests of randomness of residuals derived from the two equations 
are found in table 27, appendix Be Neither the magnitudes of the lagged correlation 
coefficients nor the probabilities derived from the Wallis-Moore test force the 
rejection of the hypothesis that the residuals constitute a random seriese 
In both equations ls and 2s =~ as, in fact, in all of the regression equations 
disoussed in this paper += the signs of the net regression coefficients agree with 
the direotion of influence expested on a priori groundse Nonagricultural insome 
payments and the temperature index are related directly to both the feeb. prices 
and the United States supply of summer lemons, while the two latter variables are 
related inverselye. The inverse net price-supply relationship is, of course, in 
agreement with the demand relationship discussed in theoretical esonomicss The 
direst variation of both prices and quantities with income and temperature is also 
entirely reasonable, An increase in purchasing power should express itself either 
in higher prices of lemons,-if the quantity of lemons purchased remains constant, 
or in larger quantities of lemons purchased if the price remains constante A 
similar relation is evident for the seasonal demand factor, temperatures 
Of some interest is the determination of the relative contribution of the 
several independent variables, In almost all statistical demand studies the two 


variables of prime importance are price and quantity; the investigator usually 
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19. 
expects a significant part of the variation in price to be associated with the 
variation in the amount sold, and inversely. The supply=price relationship is 
also the most strategic from the point of view of policy, for these are ordinarily 
the only two variables in the formulation which are capable of being controlled. 
Of interest is also the contribution of the temperature factor to price and supply 
variance, since this non-economic seasonal factor has been given great prominence 
in the discussions of the demand for summer lemons found in trade publicationss 
The net regression aoafticsente in the two equations cited above cannot be 
taken as they stand to measure the contribution of the independent variables in 
"accounting" for the price or supply variances In fact, the problem of measuring 
the relative importance of independent variables may not have a unique solution; 
certainly, none of the measures at present available can be deemed satisfactorye 
Of the several measures of relative importance commonly employed, the coefficient of 
separate determination, as = B; Pay? is, probably, the least ambiguous because of 
its additive propertys, day = Rye where Ry is the multiple correlation coefficient. 
The ambiguity introduced by the occasional appearance of negative values of as j can 
be removed by & minor adjustment which does not disturb the additive property of 
this coefficient. 1s / 
The first two rows of tahle 4 give the coefficients of separate determination 
for equations ls and 2se It will be observed that either feoebe price or the quan- 
tity of summer lemons accounts for the major part of the variance of the dependent 
variable. This is particularly evident in equation 1s in which approximately 73 
per cent of the variance of feoebs prices is allocated to the United States supply, 
9 per cent to nonagricultural income, and only 2 per cent to the temperature variable. 


Y the » adjustment is of the form a = [a,,| Seu 5 Bios 
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TABLE 4 


Summer Lemons: Coefficients of Separate Determination 


Dependent] Fedebe 
Equation| variable] price 





ls x) 

2s Xo 35 09 

3s xy 

45 x? 4lel 
2 

5s Log xy 

6s Log X, 5507 


Source of data: 


Based on equations ls through 6s given in table 3-6 


Per capita | Index of | Per capita 
United United nonagri- | nonagri- 
States States cultural | cultural 
supply supply income income 


Per ceny 
7304 94 
2745 

58.8 
75 06 6.8 
24.7 


on equations ls and 3s adjusted to remove negative signse 
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2le 
The variance of aieicntckin is partitioned more evenly among the independent variables 
in equation 2s3 the allocations to fedebe price, income, and temperature variables 
are respectively 36 per cent, 27 per cent, and 30 per cent. Not much confidence 
can be felt in the reversal of the relative importance of the income and tempera- 
ture factors in the two equations, for such vequlte.are not obtained when other 
measures of relative importance are employede a/ 
In view of the great prominence given weather factors in trade descriptions 
of the behavior of prices of summer lemons, it is somewhat surprising to find that 
the foregoing rough measures assign relatively little importance to the temperature 
variables a0/ However, it is doubtful whether the total effect on demand for 
lemons of changes in weather conditions has been or could be ascertained by means 
of the temperature index we have employede As was stated previously, temperature 
is not the only condition of relevance; furthermore, only one measure of the temper= 
ature variable was usede On the other hand, the possibility that the effect of 
weather has been given undue emphasis in trade discussions of interseasonal varia- 
tion of lemon prices and shipments cannot be ruled out of consideration. an / 
The values of the coefficient of flexibility of price calculated from equa- 
tion ls at the centroid and of the coefficient of elasticity of demand calculated 


22/ 


from equation 2s, similarly at the centroid, are given in table 3.—‘ Demand for 


ee ee ces a see ee eee eee ee ee a ee ee ee ee ee ee Ee Se ee ee eS ee ee ee <a eee —— 


19/ 


The squares of the pertinent partial correlation coefficients are: 


2 2 2 2 2 
= 845 = = = 0.8319 d 
T12.34 0.8454, 13.04 Oe75505 T4623 0.6910, "os 14 ° 9 an "04613 
0.8212, 


20/ With regard to goodness of fit of the equations, temperature is an important 
variable, for its omission results in a marked reduction of fite For preregt with 
temperature omitted the adjusted coefficient of multiple correlation (price depen- 
dent) is only 0.6699 == a considerable reduction from its former value of 029050. 


21/ The statistical results pertain to interseasonal behavior of prices and 
quantities; temperature may well be the major factor affecting the intraseasonal 
variation of prices and shipmentse 

22/ g-2l = bio be J and W = O%. “i = boy “4 » where the 

OX, *] x OX Xp Xo 
X's are means and Lr is the net regression coefficient (i denoting the dependent 
(Continued on next page) 


eS ee et et eee es Ok EL Ge Om EE GER OE OR OO OS Ogg SL OO SSR Oe Re Gm SE SS ee See Om ee os SS SS ee OR Rs OP tg De ey os oe 








ahs 


oe & 
i 


peideiney saheeqebnt eit arame yasore stom ‘begubdétcoc Bo xhimepe 1o egmaixay ad? 
wetteisey en: S aneqagt bra gomoort soodts pile? oF ato tiacotie based ies mottaupe mf 
onebLtsses sos sou stneo teq OS bre ggneo ‘weg TS gl0R9 eos 98 ylevisesgeet ota 
a@ieqimes bia estopal eit Y sametasqint evitelos oly -le Lensmpes ont mi tiet od aso 
sedto saiw pomtad do Sox one mi lugen dasa to% ,umesgaioo out edd mi auiotesl ett 
\ ebeveiqme ets esgettogst evitsles to sewesent 
emottqizerel shaw mi atccost tertnew mevis eoneninwiy tecyg od to wely al 


dad brit o¢ suleiuqive Jasdwemon ef di garemel sormmus to seokex to twoivered ext to 


aperisyie?t eld oF sonettoqm efgsi! vievitelet ggfesas aotuanom ievo4 ankogo ped erg 





got baanch go toofis fated ony tenddedw [vttdyob ai 3! ,tevewor \s paidebray 
Sasom yd don'attence ed blues a5 seed sad emoitibuos weritasw ai. segnade To sxomel 
euntstequet gylevoivety beseta gaw ad phomigue evar sw 2ebalt exudeteqmeay ef? %¢ 
stoqmedt edd to eweeen om iso ,otomedd tt peomerele: to moltihace yao ert gor 3f 
to Yoette odd sarlt yiilidiewod eng se notte sit 5O ghegs awa oldeigay equte 
snogaestodet -tp £ goteanoaih shaw ab atesigme auhm qearis Raed gad fegh soy 
we giisatobignog to tuo bine sd tomas adrenyi de an gaogig Somsi fo nels 
eGipe moyt bevaigoies qniaq iq yet iidigelt Yo sueiniitecy od¢é to gaulay ed? 


bessfvelan brash Jo wWipitgsip tn dmetefteon sdf t¢ Ane ere pd $2 ef tose 


se 
207 Asanel . kept cide o£ Heyig ema gbiowtasp ony Ye yitelintg 488 Haft apes eh 


06 eb eV dn ir FO tn ear wih lt Ode 0 a a in mm ND eB oy a nt Om Ss OH ov-ayln-nmen ne G+ oe ae ag ser wah Sir SR a He ms On BY Ow Sw we EER GREE AES He ee ERR SEE Sas tT 
. ‘ <a te eee ee me ny Puce. + 


g 
en gd te igatpeee fi ahs ents ida dpentsxed eid 3a _woynipe od? Me 


8 “2 Bis Sey0 # Ofba.0 8 44, f “' 
#LyS ~ aie pts gf 2,88 a [Rigo ® Bay pi “a May 34 Bg a gree! 8G bEySE° 
pithy 


rdige cm Se ei gystesagmay geno tgouce. orig to #£% fo asenboas oF byenet dvi \pe 

itiv 46 fqriaxe 4% Pee to apetopboy bal yan a ast ad Lieve’ to eg for edi yo} gelinitgy 

“age goby} weisaierase olgitiom to gagteittoca hadaut pa add bedd feo euitereamed 
HONs? fo 4ulaw soma} att pate) goldouhoy efdaichizaas 8 om S88Rg9 yieo af (taob 


Aga eons to. xcivered lanogagatedat of alattpy si iveoy Iagisattuts at? \S 
axdat afd guétootig yqgon} sojan edt ed [fow you. otetetoqmey paeidisasyp 


ieee Se sedneuryida fos seebgg tc mpeitpiver 
te Sere 5 # 6, q 83 
Si ed, L pte SS eho 5 gift ay Ae y 
= 2a = ore ‘ 
Smepiegah att achtoms £} sodolTieoe mobenetgoe Jon elk eh pt Mae ameor eres Pass 





ag. doceny ma” Bosna tga} 


“eptay econ aban eo centre an nya apne weep LST a Te ree tT os EN ey, 








226 


et ee ee ee ee et ee Oe Oe ee ye eS cE ee ED oe eS A OP ee ON OS OE SD eee ae ee ee er 


(Footnote 22/ continued ) 


variable). For significance tests in connection with f and n, see: Girshick, MeAs 
The application of the theory of linear hypotheses to the coefficient of elasticity 
of demands Joure Amere State Assne 37:235=237¢ 19425 
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summer lemons at the fed0ebe level, based on these equations and measured at the 
centroid, is seen to be inelastice Since in the linear formulation the values of 
flexibility and elasticity change from point to point on the regression hyperplane, 
it is of interest to consider the magnitudes of the coefficients of flexibility and 
elasticity in each of the years included in the analysiss 28/ As can be seen from 
the enclosed tabulation (table 5), the absolute values of the seasonal coefficients 
of flexibility are all greater than 1 and correspondingly the absolute values of 
the seasonal coefficients of elasticity are all less than le While the reciprocals 
of the coefficients of flexibility do not agree exactly with the values of the 
elasticity coefficients, differences are to be expected from the very nature of the 
two estimation equationse It will be noted further that there is a trend in the 
calculated values of ~ « This trend is due to the upward trend in supply, for it 
is the property of negatively sloped linear demand laws that flexibility increases 
with an increase in quantitye “/ Obviously, the trend in the calculated values 
of h is opposite to that for ? ° 
The findings with regard to coefficients of elasticity and flexibility accord 
with a priori expectations concerning the nature of the demand for lemonse Lemons 
are used in various drinks, in cooking and baking, for flavoring and seasoning, 
as garnish, as salad dressingy and as hair rinses In all but a few uses lemons are 
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2 
23/ The values of P and A, for year t were calculated from the expressions 


yd =b *et and =b *1t where x. is the estimated feo0ebe price 
t 12 t Ns 21 = 1t . *P 


x x 

1t 2t " 
for the year t calculated from equations 1s and Xo. is the estimated supply calcu- 
lated from equation 2se 


24/ It is possible, however, with a multidimensional linear equation that i is 
not a monotonically increasing function of quantity 
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Summer Lemons: Calculated Coefficients of Price Flexibility and 


TABLE 5 


Demand Elasticity, 1922-1941 


Year Price 
May-October dec ceed 


-1.4668 
-1.2803 
-221408 
-1.8397 
-2.2974 
-1.6245 
-1.4414 
-1.3222 
-1.5228 
-1.7522 
~1.4719 
-1.7772 
-2.2918 
-521826 
-2.0098 
-1.6527 
-2.8976 
-2.8169 
-3.1942 


-3.5595 


Source of data: 


Calculated from equations ls, 2s, 


the values of the independent variables 


various years. 


Demand 
elasticity 
re 


-0.5678 
-0.6981 
~0.2845 
-0.5335 
-0.35221 
-0.6027 
-0.5561 
-0.5969 
-0.5371 
-0.4521 
-0.5823 
~0.3957 
-0.4026 
-0.3713 
-0.4342 
-0.5147 
-0.2716 
-0.2753 
~0.2797 


-0 22435 


. Per capita formulat 


Price 
flexibility 
¥ 


-1.9558 
-1.5444 
-2.6788 
202555 
~2.7914 
-1.8349 
-1.6129 
-1.4542 
-1,7097 
-1.9465 
-1.5776 
~1.9300 
-244957 
-5.5884 
-221304 
-1.7073 
-2.9927 
-2.8725 
-3.1420 


-3.5378 


Demand 
elasticity 


-0.5114 
-0.4871 
-0.5302 
-0.4892 
-0.4165 
~0.5244 
-0.3656 
-0.3728 
-0.3427 
-0.4059 
-0.4808 
-0.2563 
-0.2626 
-0.2653 


-0.2362 





which prevailed in the 
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5s, and 4s respectively for 
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a4 
an important ingredient but at the same time a- minor element of the cost of the 
total producte This would lead one to expect that consumption of lemons is not 
highly responsive to changes in their prices, that is, that the demand for lemons is 
inelastice 
The use of equations ls and 2s for estimation purposes should be accompanied 
by some measure of the uncertainty of the estimate. The unbiased estimates of the 


5 
variance of the best linear unbiased estimate of x, and x, are given hiireeditng OY 


2 2 2 2 
= + e + ° + 2 -~ e as 
[f@M : 0.0070 + 0.0153 Zo 0.0115 25 0.0124 2 0.0162 ZoZe 


-0.0179 Zod, + 0.0113 Zghq 
~— 2 14618 + 14039 2% + 14062 2° + 14043 2% = 3,36 + 
ft fe . 059 zy 062 2, 045 2, = 5036 252, 
4+06335 %4%4 + Sele 2.24 


where the z's are the "normalized" values of the independent variables for which 
X1 OF Xo is estimatede The statistical uncertainty accompanying the estimate x" is 
then expressed in the form of the confidence interval x = ty peté 6< x + ty 
where t, is the Student-Fisher t at the level of significance ol,and 1 - w is 

the confidence coefficients a: adenine for Ms will not be stated explicitly 
for the other estimation equations to be considered in this section. However, 
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2 , 

25/ pe - Zk im where |R| is the determinant of the matrix of inter- 
1 (Nn) |Ry4| 

correlations between the n variables, [Ra | is the minor of r,, in IR|» [Dl is the 


determinant of the matrix 


n 
Zo z Tos eee Pon 
D= 2a Tos 1 oeoe Yon 


Zn Pon P3n se. @ rl 
and z, = 2. (x, = x,)e The formula for 2 used here is equivalent to the expres=: 
sion derived in: David, Fe Ne and Je Neymane Extension of the Markoff theorem on 


least squarese Statistical Research Memoirs 2:105-116— 1958.6 
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256! 
sufficient information is given in this paper to enable the calculation of the 
standard error of the regression equation for any of the estimation equations given 
in tables 3 and 8 Attention should also be drawn to the fact that (Ms + s,)s 
where s is the unbiased estimate of the variance oe/aae is the ndiesaekaal variance 
for determining the confidence limits of the future observatione 26 / 
An attempt was made to introduce a measure of the factor discussed in 
previous pages under the rubric "volume of production." First differences in 
annual production of lemons and first differences in California Fruit Growers Ex= 
change lemon picks and the Exchange May 1 storage were not found to be related to 
either price or quantity residuals seoured from equations ls and 2s respectivelye 
These measures, then, if introduced as additional independent variables in the 
equations would not reduce significantly the “unexplained” variance of the dependent 
variablee an/ However, first differences in Exchange May-October lemon picks 
appeared to be related to price and quantity residuals. It is difficult to see why 
first differences in picks alone should bear a significant net relation to prices 
or shipments, since May 1 storage has been an important constituent of the supply of 
lemons available for shipments during the summer monthse Because complete data on 
26/ See Eisenhart, Ce The interpretation of certain regression methods and their 
use in biological and industrial researche Annals of Mathe State 10:162-186. 19396 
Also, Ezekiel, Mordecaie Methods of correlation analysise Second editione Chapter 


19. John Wiley & Sons, Ince, New York. 194le 


27 / Let j be the additional independent variable under consideration and i the 
dependent variable. Then 


t= bj; / mi “04 » | en) Fa (1-R,) 
where v4 is the correlation between residuals and the additional variable, Rs is 
- the coefficient of multiple correlation between j and the other variables including 
i, N is the number of observations, and n the number of constants in the regression 
equatione The magnitude of t may be deduced from this expression knowing P23 and 


assigning some plausible value to Rye 
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lemon pitks foP the péPiod under review were not available at the time these cal- 
culations were made, further consideration of this factor was not attemptede 28/ 

An attempt was also made to account for the influence of the trend factors by 
introducing "time" as a separate variable in the estimation equations. In the 
equations given below, x) is feOcebe price, Xo United States supply of summer lemons, 
Xn index of nonagricultural income payments, x4 the index of summer temperatures, 
and x, "time" measured in units of six months from an origin midway between 1931 
and 1932 The figures in parentheses are standard errors of the net regression 
coefficients. It is seen that the added variable does not have a significant in- 
fluences With feoeb.s price as the dependent variable, the standard error of the 
coefficient of Xe is greater than the coefficient. In the other equation, the 
ratio of the coefficient of x, to its standard error (t = 1.586) falls short of 
the value of t corresponding to the 5 per cent level for 15 degrees of freedom 


(+ 


0g” BelBl)s 


? 
x, = 4,5214 - 0.0210 Xp + 0.0450 Xi + 0,0279 X4 + 0.0032 %, 


(0.0030) (0.0072) (0.0050) (0.0129) 


t 
a = 20624872 « 3603209 x, + 1.9942 Xz + 1.1373 x, + Oe7911 x 


1 4 5 
(52356) (0.2424) (0.2157) (024988 ) 
As will be indicated in some detail below, "time" was found to be an 
important factor in the analysis of the data on winter lemonse The question 
naturally arises as to why trend factors fail to play a role in the analysis of 
the demand for lemons during the summer monthse Should it be concluded that the 
factors which "time" is presumed to represent did not affect the demand for summer 
lemons during the veriod under consideration? 
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28/ The scatter diagrams of residuals against first differences in picks were 
based on only eighteen observationse 
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A partial answer to this question is found in the happenstance that the index 
of temperatures exhibits an upward trend during the period under review. This trend 
may have, to some extent, played the part of the catch-all "time" variable. A 
further circumstance to be considered in this connection is that the quantity 
variable used in the summer equations consisted of domestic shipments of lemons 
plus imports for consumption; whereas in the winter equations the quantity variable 
consisted only of domestic shipmentse The use of United States supply, rather than 
domestic shipments, as the quantity variable makes the trend factors less important, 
because the trend in imports in the period under consideration ruhs exactly counter 
to the strong upward trend in domestic shipmentse 29/ The results secured when 
domestic shipments of summer lemons are employed together with "time" constitute an 
empirical confirmation of this point. These equations, both with price and with 
domestic shipments (54) as the dependent variables, are given belowe The figures 
in parentheses are standard errorse 

x, = 50492 = 0.0209 x , + 020320 x, + 0.0247 x, + 0.0691 Xe 


2a 3 4. 
(0.0030) (0.0062) (0.0049) (0.0207) 


t 
"4" 253095 = 3605242 x, + 145769 Xx, + 0.9857 x, + 309632 x 


1 
(52951) (0.2451) (0.2182) (0.5045 ) 


5 


"Time" (x, ) is now significant in both equations and the adjusted multiple correla- 
tion coefficients, 0.8969 for price dependent and 0.9813 with domestic shipments 

as the dependent variable, are of about the same magnitude as those previously 
secured. Thus it is questionable whether economic meaning should be road into the 
failure of "time" to contribute significantly to the fit of the summer equationse 


’ 
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29/ 
The following equations represent the linear trend in domestic shipments of 
summer lemons and United States supply of summer lemons, respectivelye Both quan- 
tity series are in units of 10,000 boxese 


? 
X * 360023 + 6.5921 t (Domestic shipments) 
ed 


x, = 39380 + 306865 t (United States supply) 
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It appears rather that the explanation lies in the characteristics of the variables 
usede. 
The reality of the upward trend of summer temperatures is of no particular 
relevance to the problem of eliminating the effect of trend factors,: It is of 
primary importance, however, in connection with the proper measuremeut of the 
effect of the temperature factor, -A detailed study of the methods employed in the 
construction of the temperature index failed to reveal how the trend in the index 
could be an artifact of the procedure employed in its construction.» Nevertheless,- 
the possibility that it is an artifact cannot be completely ruled out of considera- 
tione 30/ Thus the question of the separate contributions of the smooth and 
erratic components of the temperature index must be considered. The case for 
temperature as a significant factor affecting demand of lemons during the summer 
months would be strengthened if it could be shown that each component of the temp= 
erature index makes a significant contributions 
The answer to this question is already given indirectly by the equations just 
cited, for in those equationsboth the temperature index and "time" are statistically 
significant. More direct evidence is obtained by separating the smooth and erratic 
components of the temperature variable and introducing each into the regression 
equation inconjunction with other variables previously employed. The smooth 
component of the temperature index was defined by the least squares equation 
x, = 115.75 + 142402 X where Xe, represents "time," and the erratic component by 
the algebraic residuals of the temperature observations from this trend line 
(x, - x1) <n the regression equations given below,x, is fsosbe price of summer 
lemons, Xo is the United States supply of summer lemons» x, is the index of 


37 
In this connection see appendix E in which a different temperature index 
is used as an independent variable. 


BY 4» parabolio regression of temperature on time would have probably described 
the smooth component of the temperature index more fully. However, the linear trend 
is an excellent approximation to the smooth component of the indexe — 
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oo 
1.2402 
component of the temperature index and z its erratic componente A comparison of 


t 
nonagricultural income payments, X= (x, - 115.75) is the adjusted linear 
the coefficients of Xp and z with their standard errors (given in parentheses) 
reveals that both coefficients are significante 
? 


x = Cy - 0.0209 Xp + 0.0451 x 


1 + 00374 X5 + 0.0278 z 


3 
(0.0030) (0.0073 ) (0.0131) (0.0050) 


t 
* = Co - 3623057 x, + 2.0012 x, + 262011 X5 + 1.1358 2 


3 
(5.2945) (0.2455) (023687) (0.2190) 
It is likely that growth of population is a major trend influence; hence by 
using per-capita data the effect of at least this trend factor may to some extent 
be given implicit consideratione Two new variables, per-capita United States supply 
of summer lemons and per-capita nonagricultural income,were used, replacing United 
States supply and nonagricultural income, respectivelye The net regression co= 
efficients and other pertinent statistics for the analysis of the per-capita data 
are given in the third and fourth row of table 3.(equations 3s and 4s)e The net 
regression lines and scatters of residuals derived from these equations are shown 
in the various panels of figures 5 and 6- Where comparison is possible the results 
are seen to be remarkably similar to those secured in the original analysise The 
adjusted coefficients: of multiple correlation differ but slightly from those pre- 
viously secured. The estimates of flexibility and elasticity at the centroid are 
consistent with the values derived from equations ls and 2se. The same statement 
applies to the annual flexibility and elasticities showm in columns 3 and 4 of 
table 5. The use of per-capita income has apparently given income greater relative 
importance in equation 3s than it had in equation 1s (see table 4). The significance 
of such a difference, however, is difficult to establishe 
The per-capita formulation also allows us to test the hypothesis that the 


population factor is the only trend factor of significance in connection with summer 
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lemonse If this hypothesis were true, a trend factor, such as the trend component 
of the temperature variable, would fail to exert a significant influence in the per- 
capita formulation. The introduction of the trend and erratic components of the 
temperature variable (x, ) into the per-capita estimation equations replacing x, 


leads to the following equations (in normalized form): 


) 
3 


(061464) (001426) (061461) (061070) 


t 
z = =1,0647 a + 099059 2, + 095650 2, + 0.6122 2 
1 


and 
1 


/ = =0.7518 2, + 068026 sy + 004206 2. + 004985 z 


5 
(0.1006) (0.0930) (0.0949) (0.0921) 
where 2; = (x; - x;)/ Tq» ze is the trend component, and z the erratic component of 
the temperature variable. The figures in parentheses are standard errorse Since 
for 15 degrees of freedom t at the 5 per cent level is 2el3l, it is seen that the 
coefficient of Ze in both equations is statistically significante This result 
suggests that growth of population is not the only trend factor that may have 
shifted the demand for summer lemons upward during the period under reviews 
Thus far all of the equations were based on a formulation in which the 
dependent variable was treated as a linear function of the independent variables. 
A linear form in the logarithms of the variables has also been frequently employed 
in statistical demand studies, mainly, one supposesy because it leads to constant 
coefficients of elasticity and flexibilitye The net regression coefficients and 
auxiliary constants seoured when the logarithmic form was fitted to the data are 
given in the last two rows of table 3. Expressed on the arithmetic scale, equations 


5s and 6s are as follows: 


% -220854 1.0356 0.0074 X4 
x, * 35903 x5 Xr e (5s) 


t - 0.0036 
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The logarithmic form fits the data about as well as the linear form (see the 
adjusted multiple correlation coefficients in table 3). The demand for summer 
lemons at the feOebs level is again shown to be inelastice This is apparent from 
the values of the coefficients of price flexibility and demand elasticity shown for 
these equations in table 3. It will be noted that the values of these coefficients. 
differ but little from the values of price flexibility and demand elasticity at the 
centroid, derived from the previous equationse 
To test the possibility that trend factors may have a measurable influence 
in the logarithmic form, "time" was introduced linearly as an independent variable. 
The results secured were very similar to those obtained when "time" was introduced 
in equations 1s and 2s. The ratios of the net regression coefficients of "time" to 
their standard errors in both equations of the logarithmic form fell short of the 
t's corresponding to the 5 per cent level for 15 degrees of freedome ed It thus 
appears that also in the logarithmic form trend factors are of little significance, 
once the effects attributable to the other independent variables are eliminatede 
Two other sets of regression equations require a brief comment. In the first 
set, imports of lemons are treated as a separate variable; in the second, the supply 
series is broken down into the quantity of lemons marketed by the California Fruit 
Growers Exchange, and the quantity sold by other marketing agenciese The shipment 
data used in these formulations are cited in table 2. 
The equations, when domestic shipments of summer lemons and imports for 
consumption during the months May through October are used as separate variables 
(see equations 7s and 8s of table 6), show little improvement over the original 
formulationse The values of the adjusted multiple correlation coefficients are of 
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an the logarithm of feOebe price as the dependent variable, the ratio of 
the net regression coefficient to its standard error was less than le In the other 
equation, the teratio was 14653, The t-ratio corresponding to the 5 per cent level 
for 15 degrees of freedom is 2el3l. 
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TABLE 6 


Summer Lemons: Regression Coefficients and Auxiliary Constants for Additional Equations, 1922-1941 
(Figures in parentheses are standard errors) 
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0.0423 
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— oa . . = os ee eT TF (02462 | (0.2011) | ~ IS Ee 
| Exchange 
| domestic Outside 
| i | shipments | shipments 
| Fix) ' c a Xo. x x, 
9s 4.1525 -0.0201 -0.0188 0.0435 0.0287 0.8996 
* | | 


(0.0024) | (0.0046) (0.0072) | (0.0050) | 


10s Xo, 188.3385 -40.8252 | -1.0308 2.1274 2.3525 0.9772 -0.5065 
4.9562 0.1385 ' (0.2466 0.2004 ! 
, x, = Seasonal average f.o.b. price in dollars per box. 
Xo4 = Domestic shipments of lemons in units of 10,000 boxes. 
Xo; = Imports of lemons for consumption in units of 10,000 boxes. 


Xog = Domestic shipments of lemons by the California Fruit Growers Exchange in units of 10,000 boxes. 


Xoo = Domestie shipments of lemons outside California Fruit Growers ixchange plus imports for consumption, in 
units of 10,000 boxes, 


x, = Index of nonagricultural income payments, 1935-39 = 100. 


x, = Index of daily maximum temperature departures from 80° in 39 metropolitan districts, liay through October. 
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about the same magnitude as those sseiesaler secureds; and the residuals in the two 

different price equations (equations 1s and 7s) agree precisely in sign and closely 

in magnitude. 5°/ The coefficients of domestic shipments and imports for consumption 

agree closely in magnitude. The difference between them in relation to the magnie= 

tudes of their standard errors is so small as to obviate the necessity of testing 

its significances Thus, for the period May through October, domestic shipments and 

imports of lemons for consumption are not distinguishable in their contributions 

toward the estimation of fedebe pricese 
The second formulation attempts to test a similar hypothesis with regard to 

lemons marketed by shippers other than the California Fruit Growers Exchange, The 

multiple regression equations relating to this formulation are given in the last 

two rows of table 6 (equation 9s and 10s)» In these equations, domestic shipments 

of lemons by the California Fruit Growers Exchange (x, ,) and shipments of lemons 

for fresh consumption by other marketing agencies plus imports for consumption (X50) 

replace the United States supply of summer lemons as the quantity variablee Since 

the difference between the coefficients of Exchange domestic shipments and outside 

shipments is small and not significant (see equation 9s), the hypothesis that lemons 

marketed by the California Fruit Growers Exchange and other lemons stipped for fresh 

consumption during the summer months are statistically differentiable components of 


the total United States supply of lemons must be rejected. 34/ 


SS ee ee a ne ee ee He Oe ewe eee wee meow oe eee a ee ee oe ee me we -------- 


38/ The correlation between price residuals of equations ls and 7s is »98¢ 


Theory and measurement of demands 569=604p. University of Chicago Press, 1938), 
the negative sign of the coefficient xg, indicates that lemons marketed by the 
Exchange and lemons marketed by other shippers are competinge The equality of the 
coefficients suggests that lemons marketed by the two groups of shippers are per= 
fectly competinge The other conditions on the parameters of the linear aro 
function discussed by Schultz cannot be tested because of lack of data on prices 
received by shippers outside the Exchange. 


54/ According to the "special theory of related demands" (see: Schultz, 13 
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Demand for Winter Lemons 


Regression equations in which price of winter lemons was expressed as a 
linear function of domestic shipments of lemons, consumer income, and time were 
found to give a poor fit to the data. Equally unsatisfactory were the equations in 
which the logarithm of price was expressed as a linear function of the logarithms 
of shipments, income, and timee A study of the residuals derived from these equa= 
tions revealed that the fit could not be improved by any reasonable modification 
of the form of the net regression functionse Apparently systematic factors, in 
addition to those considered above, have affected the demand for lemons during the 
winter monthse 

References to the prevalence of colds and influenza as a variable in account- 
ing for the upward shift of demand for winter lemons are not infrequently found in 
citrus trade publicationse Hot lemonade is probably one of the common home remedies 
for colds, a use of lemons which has received extensive mention in the advertising 
campaigns of the California Fruit Growers Exchange. Accordingly, it appeared 
worth while to introduce a measure of this factor into the regression equationse 
Since statistics on the incidence of colds are not available, only an index of the 
incidence of influenza could be constructed (see table 25, appendix A). This index 
was introduced linearly into the regression equations, and also some non-linear 
transformations of this variable to both algebraic and transcendental functions 
were usede It appeared, however, that no reasonable function of this index would 
be statistically significant. 

First differences in annual production of lemons and first differences in 
Exchange lemon picks and Exchange November 1 storage were considered as possible 
independent variables, but their contribution did not prove significant. Other 
variables used in‘ the regression equations, along with price and supply, were 
storage rates of lemons and various combinations of data pertaining to storage, 


picks, and shipments during the winter months. However, these variables also proved 





st obtain ‘erik “eet Seiceiettaice ie venta. odd oF BEY “04: Jaa s ok tees 

S sreitinases ond: 6. node ti natant! sine beerougxs aoe -eobry te milano’. pl fo tchw 
108 SSC wore bevEIeh eLicbinow ate: Dogue: A, sone thog gomuncd vegan tele, 20 

| ieee etdanosset.yae yd -bevorwi e¢ gon, bivoe vit-enl¢ Pra hadaavet pants 


-aowniol tol haere wid haves tie ovad ieavods- hombiaaoa,-an ont, ot mR En 
iD ich. bee’ dhfoo To epselavers odt-ot.egenem tet 7 
a  beaiiot vbinexporint gon 'stz snonel tedniw sot basmeb to J itla arses. 904 swat 
$6 Rocio Sted stereo ord Yo emo intdadore. ‘gd ‘ebenomel: Spl, smantdon tidied: what | axtitte oe 
on Sie edd oh. ck idetocr ow fentodne pew bene. . 2nd slo fst: SREP: To.-o8n 2 aablos “0% sae 
7 > cBigtpedzna “34 ‘etaidtwens eogeredoxS eters tine. abeeotete® eat to. egiecmae 
: stot Hofsoenps adh odot. todtie? chit to eiasem @ ecabgmtat. o¥- se Lely leo 
ede ‘'e- xobet ne ylae- gsidelisve don ets: ‘abiow te cthreek pit iq. goftaidats eombk? 


- stat alat. 4 (\ xibaeqqe .2S eldad. eda) betewntanco of bigoo samen lint to sonehigat 


 sbaerth imtiont ertos og Lb’ bog “gunte htanpe:. Mt ogeTsst ont ode - -ybuegnk £- Seouborwat: asi ue a 


gS tbouia’t Iddnobnonanedtt.. _, olaniegis. Sfod ot" sidataer sind to ano tt. wottang"s : 
- bluow xebat aid} To-..aoatstoms’ - oldenonnet of, shackt sale: shotaeggs ; et sbsexs on 
 etuholt las be ‘eitsobsntaete od 


<2 tobi wre mee 2. SeAenl, eqn bik tet nnend pari | 








to be of little significance in the analysiss 


556 


These unsatisfactory results may be 


due to the fact that the unit of time employed is too long a period in which to con- 


sider relations among picks, average storage rates, and shipments because 


extensive double counting. 


In a long enough period, the same lemon may be 


of too 


counted 


in picks, storage, and shipments as it passes through each of these stages on the 


way to final consumption. 


The failure of the influenza index to improve the fit of the regression equa= 


tions may be due to poor reporting of influenza case ratesy but the possibility must 


be considered that even adequate data on incidence of influenza may not pr 


measure which would prove to be statistically significante Apparently the 


rate of influenza is not related to that of common coldse Thus, while the 


incidence rate of influenza may itself be related to consumption of lemons 
of the relatively small frequencies involved the net effect of this facto 
not be statistically measurable. 

In searching about for a variable which could take the place of an 
of incidence of colds, it occurred to the writers that severity of winter 
may be related to incidence of colds and consequently to consumption of le 


during the winter months. 


ovide a 


attack 


» because 


r may 


index 


climate 





ons 


Some evidence may be cited in support of this ee 


particularly with reference to temperaturee 3/ 96 test this conjecture statis- 


tically, an index of average temperatures for the months December, January, and 
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35/ Frost, We He and Me Govere 
in several groups kept under continuous observatione 
September 2, 1932.6 
influenza in the groups under observatione 


Pube Health Repe 47: 


36/ Gover, Mey Le Je Reed, and Se De Collinse Time distribution of co 
and its relation to corresponding weather conditionse 
July 13, 1934. 


Incidence and time distribution of common colds 


18156 


These writers found no relation between incidence of colds and 


on colds 


Pube Health Repe 4 2811-824. 
In this study deviations of the weekly incidence of respiratory 


attack during an eighteen-month period among students in various universities in 
the United States were correlated with deviations of weather conditions from mean 


or normale 
partures from the norm of the respiratory attack rate and deviations from 
temperaturee Other weather conditions such as hours of sunshine, wind vel 
precipitation, etce, did not show a consistent association with incidence 
coldse 


A weak but consistent inverse relation was observed between weekly de- 


mean 


ocitys 
rate of 
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February was constructed and introduced as an added variable into the regression 
equationse This variable proved to be statistically significante 
Before going on to ite discussion of the regression equations, a point of 
procedure must be emphasized. The period considered is that beginning with the 
season 1921-22 and ending with the season 1940-41, but one season is omitted, 
namely 1936-37¢ This omission requires somewhat extensive discussion, for with 
only twenty observations at our disposal, the rejection of one season represents 
a loss of 5 per cent of the total informatione 
In January 1937 severe frosts occurred in southern California causing pre- 
sumably extensive damage to the lemon crope Successive forecasts of the 1936-37 
lemon crop by the California Cooperative Crop Reporting Service provide a quantita=- 
tive expression of current judgment concerning the extensiveness of the damages 
The forecast of the crop as of January 1, 1937, just prior to the freeze, was 
8,516,000 boxese The forecast as of February l, just after the freeze, was about 
2,500,000 boxes less, namely 5,852,000 boxese The forecasts of the volume of crop 
on March 1 and April 1 were of about the same magnitude as on February le : With 
the prospects of an extremely short crop facing the trade, the movement of lemons 
was brisk and the prices received, relative to the quantity moved, were quite 
nigh, 58/ In point of fact, however, the frost damage to the lemon crop was not as 
extensive as was believede The final production figures for 1936-37 were 75,579,000 
boxes or almost 2,000,000 boxes above the February, March, and April ropechetes 29 
Ee commupenws cenawiet ate 
31/ California Cooperative Crop Reporting Servicee California Citrus Fruit 
Report as of January 1, 1937; February 1, 1937; March 1, 1937; April 1, 19576 
Sacramento, Californias (Mimeoe) 


38/ See; California Fruit Growers Exchanges Annual report of the general 
manager for the year ended October 3l, 1937.6 


59/ California Cooperative Crop Reporting Servicee California citrus crops 


production and utilization estimates, 1909-10 to 1937-38. Sacramento, Californias 
September 15, 1939. 
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37.6 
It is believed that this combination of factors was unique in the twenty-year period 
under reviews 
As an alternative to omitting 1936-37, the domestic shipment figure for 
that season was reduced to the level of expectations based on the just quoted fore- 
casts of the lemon crop by the California Crop Reporting Services The use of the 
adjusted shipment figure gave results almost identical with those secured when the 
season was omittede Because of the somewhat arbitrary character of the adjustment, 
however, it was deemed preferable to omit the seasons 40/ 
In table 8 are given the net regression coefficients and auxiliary con- 
stants corresponding to six equations, each based on nineteen observationse The 
series used are given in table 7. The equations are of the same form as those 
calculated for summer lemonse je It will be noted that the adjusted multiple core 
relation coefficients are of about the same magnitude as those secured for analogous 
summer regression equations; that the linear form, per-capita formulation, and the 
logarithmic form fit the data equally well; that the estimation equations with 
shipments as the dependent variable fit the data better than the regression equation 
with feoeb. price as the dependent variable; that all of the net regression co-= 
efficients are apparently significant; and that the demand for winter lemons 


40 

4/ The net regression coefficients and auxiliary constants when all of the 
observations were used and when the 1936-37 shipment observation was adjusted are 
given in table 50, appendix De 


41/ It should be pointed out that in calculating per-capita domestic shipments 
and per-capita nonagricultural income, population figures as of July 1 were employed. 
In this analysis it would have been formally more correct to have used population 
figures adjusted to January 1 of each year. In view of the fallibility of the 
annual population estimates, especially of the estimates of farm population, such 
an adjustment was not deemed worth while. Later calculations indicated that the 
use of population figures interpolated to January 1 of each year would have had the 
following effects on the two per-capita series -= 9 per-capita domestic shipment 
figures would each have changed by 0.01 and 5 values of the index of cia Oy 
nonagricultural income would have each changed by 1 pointe Such changes could have 
but an entirely negligible effect on the magnitudes of the various statistical con- 
stants calculated in the winter lemon analysise 
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TABLE 7 
Winter Lemons: Basic Series Used in the Demand Analysis, 1921-22 to 1940-41 


Index of Per capita 
Year F.0.b. Domestic Per capita | C.F.G.E. Outside nonagri- nonagri- Index of 
November- | price shipments domestic domestic domestic cultural cultural tempera- 
April shipments shipments shipments income * income 





1921-22 3.48 

1922-23 4.20 

1923-24 2.38 

1924-25 3,87 

1925-26 3.33 

1926-27 2.73 

1927-28 4.81 

1928-29 3.58 

1929-30 4.94 

1930-31 3.09 

1931-32 2.49 

1932-33 3.09 

1933-34 3.20 

1934-35 2.18 

1935-36 

1936-37 

1937-38 

1938-39 

1939-40 

1940-4 - 3,013 1 

ss. 3.293 2,038.9 1.256 1,776.4 262.6 
o~ 0.762 440.0 0.216 ' 341.2 | 132.8 


* 1925-1929 = 100. 
fF 1931-32 = 100. 





# &xcluding 1956-37. 
Sources of data: Col. 1: Table 13. Cols. 6 and 7: Table 22, 
Cols. 2 and 3: Table 17. Col. 8: Table 23. 
Cols. 4 and 5: Table 20. 
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TABLE 8 


Winter Lemons: Regression Coefficients and Auxiliary Constants 
1921-22 to 1940-41 (1936-37 excluded) 
(Figures in parentheses are standard errors) 















Net regression coefficients * Adjusted ' 
Dependent . eee Index of coefficient | Blasticity Flexibility 
Equation | variable j Constant F.o.b. jDomestic jcultural | temper- | Time | of multiple by demand of price 
term {| price shipments | income | | correlation 
| | z t t 
F(x) c x Xo | Xo X, | Xs R h ¥ 


| -0.0028 lg 0.0225 gaara’ 0.0636 0.9022 | -1.7044 
| (0.0004) | (0.0059) (0.0124)(0.0132) 

i 
| 7 


0.9697 | -0.4764 


-294.9264 | 
669) 








domestic po pete 


shipments 


| : er capita |Per capita 
: cultural 


(0.0071) "ies eee 


| 
| - 
| (0. 5679) 
t 


-0.1825 0.0050 0.9514 
0 





on 
= 











i i 
! 
| Log x, | 5.4798 | -1-5616 | (0.4610 Preece 0.0169 | 0.8898 ~1.5816 
| | (02191) | (0.1544) (0.3182) (o. Le | 
! 
éw | Log x, | 3.2845 | =0.4984 | | 0.2566 Fe 6412 | 0.0117 | 0.9623 | -0.4984 
| i (0.0890)! | (0.0872) (0.1816)(0.0013) | 
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(Footnotes on next page) so 
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(Table 8 continuea) 


si 


Seasonal average f.o.b,. prices in dollars per box, 


X= Domestic shipments of California and Arizona lemons in units of 1,000 boxes. 


x, = Per capita domestic shipments of California and Arizona lemons in pounds. 


x, = Index of nonagricultural income payments, 1924-25 to 1928-29 = 100. 


3 
x = Per capita index of nonagricultural income payments in per cent. 
ei = Index of mean temperatures in December, January, and February in 32 metropolitan districts, 1931-32 = 


ft At the centroid. 


+ In natural logarithms. 


x_ = Time in units of half-years, origin half-way between 1930-3] and 1931-32, 


100. 
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41. 
measured at the centroid is consistently inelastic in all formulationse Attention 
is also drawn to the annual values of price flexibility and demand elasticity based 
on equations lw, 2w, Sw, and 4w (see table 9). For three of the nineteen seasons 
under consideration == namely, 1922-23, 1927-28, and 1929=30 == the values of the 
coefficient of price flexibility indicate that the demand for winter lemons was 
elastic. Otherwise, the remaining entries confirm the presumption that an inelastic 
demand for winter lemons faced handlers of lemons during the period under reviews 42/ 
The net regression lines and scatters of residuals derived from the equations 
cited in table 8 are shown in the various panels of figures 9, 10, ll, 12, 13,.and 
14, appendix Ce In no case is it apparent that a modification of the form of net 
regressions would result in a significant improvement of fite The results of the 
tests of randomness of residuals are summarized in table 295 appendix Be It is 
evident that the hypothesis of randomness of residuals with respect to time cannot 
be rejected on the basis of these testse 
An examination of the scatters of residuals about the net regression of 
price and of shipments on temperature (see panel C of figse 9 to 14, appendix C) 
might lead to the conclusion that the temperature variable would not contribute 
significantly, were it not for the close fit of the observations for 1931-32 and 
1935-36. To test this suggestion, the seasons 1931-32 and 1935-36 were omitted 
and two equations, one with feosbe price and the other with per-capita shipments as 
the dependent variable,were fitted to the remaining seventeen observations. 
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42/ The unbiased estimates of the variance of the best linear unbiased estimates 
of x, and xg (equations lw and 2w) are, 


fe: = 0.0060 + 0.02452, si 0.006424 + 0.00658" + 0402852. - 00055252 = 
1 é 


4 
+0 00622524 o 020409292, + 0200052,,24 + 0.00932,2. - 0.00482425 


and 


2 2 2 2 
fj e = 642.74 + 856-742, v 6884152, + 604.4524 + 761.762, - 5700122122 + 


+547 075242 + 627491242, + 29 05922 - 149 242,26 + 184-912, 2. 5 


4 4 


where z, = 1 (x. = X:). 
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42. 
TABLE 9 


Winter Lemons: Calculated Coefficients of Price Flexibility and 


Demand Elasticity, 1921-22 to 1940+#41. (1936-37 excluded) 





Per capita formulati me | 
Year Price Demand Price Demand — 
November- flexibility elasticity flexibility elasticity 
April 7 " fl 
1921-22 -1.5619 70.7220 -1.7760 
1922-23 -0.8276 ~0',8884 +0.8900 
1923-24 -1.9620 -0.5627 -2.1491 


1924-25 -1.2260 ~0.7132 -1.5079 


1925-26 -1.2675 _ 20.5190 -1.5444 


1926-27 -1.6230 -0.3831 -1.7303 
1927-28 -0.9183 ~0.9415 -0,9435 
1928-29 -1.8584 -0,5292 -1.9095 
1929-30 -0.9204 - 20.9359 -0.9238 
1930-31 -1.7353 -0.4481 ~1.7352 
1931-32 =2.2855 -0.3791 -2.2358 
1932-33 -1.4905 ~0.4926 -1.4611 
1933-34 -1¢6654 -0.4360 -1.6325 
1934-35 -3.5114 0.2568 -3.3389 
1935-36 “1.7513 -0.4671 -1.6976 
1936-37 

1937-38 -0.4516 -0,4810 
1938-39 -0.2927 -0.3117 
1939-40 ~0.3251 -0.3488 


1940-4] ~0.2442 -0.2632 





Source of data: 
Calculated from equations lw, 2w,.3w, and 4w respectively for the 


values of the independent variables which prevailed in the various years.. 
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43. 

The two equations (in standard form) are given below (the figures in paren- 
theses are standard errors of the B- coefficients). The adjusted coefficients of 
multiple correlation are fairly high, 0.8902 for the first equation and 0.9494 for 
the second equation. The teratio for the coefficient ae is 1.979. Since the set 
of admissible alternatives specifies negative values of 8 14 we need to consider 
only one tail of the tedistributione For 12 degrees freedom t o5 is 1.782 and 
thus the null hypothesis can be rejectede The teratio for the coefficient Poa 
is 2.455. These results tend to strengthen the presumption that the temperature 
factor is a significant variable affecting the demand for lemons during the winter 
months. 

a = 1.30232 


+ Pathe. = 0024122, + 0074152, 


2 4 
(001844) (061282) (061219) (0.1960) 


' 
* = =0.6189z2_, + 0027942. = 0.19392, + 061772, 


Ll 4 
(0.0876) (0.0879) (0.0790) (0.0907) 
The coefficients of separate determination for all of the regression equa= 
tions summarized in table 8 are given in table 10. It will be noted that the con- 
tribution of winter temperatures to the variance of the dependent variable is 
of about the same magnitude as that of income in all of the formulations thus far 
considerede Each of these variables contributes less than 10 per cent to the 
‘variance of the dependent variablee With price as the dependent variable, the 
contribution of the trend factors is somewhat larger, between 15 and 20 per cent, 
but still considerably smaller than the contribution of the quantity variable. 
However, in the equations with domestic shipments as the dependent variable, the 
trend factors are seen to "account" for a large proportion of the variance of the 
dependent variable. Thus in equation 2w, 55 per cent of the variance of the 
dependent variable is allocated to the trend factors and only 33 per cent of the 
variance to the price factor. It is for this reason that the per-capita formulation 


is of particular significance in the winter analysis, for obviously it is necessary 





7 


Sagan in ere etl ap Ge ee eS! an eh Be ito ha ee eae uh i oe a 
oe ee — 
enetey ai: borgir odd) woled navig ox (re bhistutets ah). encddeupe owt erlT 
to stele rifens beduirt ba oft! . » (atmekedtiscs - Beals hee sre: Dead etn 2ozerd - 


“0% D0H840. ban noidsiiaa. dacéD orkf Od COLBEO Pus Te: Mae et ¥ ote, noptaionoe efqid ion 


ges ond Banks ‘»OTSeh ct , ti daelebtteos ond 10% ofteted. of?  stipidsupga. baoses .end - 
otiaims wt baex ow he ©. to aenfav: evidsenen eeftioeqa: aevitawretie eldiaaimba to 
2 ; ; 2 


bie So¥ek al ap t sohcott seetged Sf aT gstoidudiwteibed od¢ to List eno -yino- 


ed 


Pet duelsi¥ieos oft tcl clini off ghetoelot sd mes ateedtouyn Lipa odt: sodt 
euststenied: ait tacié soidsqeuect edt! mekignente ct bagt etiusct oped? »44d—5 et 
<sduiw oft suttuth axcrel: 10% baameh eft sabdipetté sldsitey tusefiimic.a af ‘sotoat 


aniltnom 


ie 


saliveti + ,~SbLaR—Q ~~ sel + 2iS0asle # 8 
& » 


& é 


(adef00), -(@ESIeQ)° {(88Sie0)  (280L69) - 


Pe 
sv ¥loeQ°* *sebeLea rg BRET S09 + "pe Loale #3 
~~ ; 2 a 


4»  (TOgD,0)- {(Gevos0).. {eTeds¢)  (dTA06g) 


‘+ 


eaups colavetget old to {fs sol sobpaniioreteh stataces fo addeivrlteo, eat: 


3. re 


enoo wd teat bedon od LZiw #1 -eOL oldad ni aevdy ote & elder} si besitanme sanit: 


ed ‘ 


ai ‘sidateov' dueboeqeb oft to eemeitay odd of aeusdtev9eqned todaiw To soisedist. 

aa) -emeld encldslowmme? oft Yo L£8 nk -eememt to dadt-as chisingen ouea emt guods To.- 
att od giied taq' Of maid esek. setialuinoe seldnisev--oe ott Yo 68%: »bhoteblancea-. 

oid eidaltev -dnebregel edt as eokiq dviv. gefdsiter inebteqeb. eit to sensitev: 
e220: taq:0S. brs al: naemted gyogael tadwemos el a toten? boastg oid -to. noldediginog. 
etidsitev. viitneup odd tc noidudiasaoe: edd nang teliam yidetebianes, [five gud 


of geddciany snebheqeb.edt sa-staonmypide eftegmed. Aviv eanitesps ort af eXevowoll 
ed3"26 esaatazy cfd ‘lu apidroqom oggel 1oY "Snpyogss" ot: npes- ota oyodest bnew 
ert! -o: seusicer: ect to. des -waq. Ge'igy8 ineltape. ct end? seideiia: teobmeqeb: 


oat fo dnee: tog €8 vito -bes: snodes! bnew erdsod=besesel{is..: slfdainer-trpbrieqeh: 


Pea LansisT ad fqaceway.. ost: Fads‘ conte t.efdd: tet.ef tI: sgodest. cooler; eit of ooagiuey. 


Uraeaoues oi dL yfévobvred..celi gelsyians getutw ert at ocomspi ling is. weinoldseg-to. af, 








44, 
TABLE 10 
Winter Lemons: Coefficients of Separate Determination 
ti | Index of Per capita|Index | 
Per capita} nonagri-|nonagri- or 
[Eqvation Dependent Fedebe Domestic domestic cultural cultural temper=| Time 
| variable | price | shipments}shipments | income | income atures 
| Xy ; Xp Xp Xy Xe X4 Xe 
Per cent m= 
lw xy 56 04. 5e2 | 4.8 1943 
aw x, 33 20 390 4e1 553- 
ow * 55 06° 8.4 5e2- | 1663- 
4w x 41.5: 44: Set | 4103. 
Sw Log x4 5667 508: 54 18.0 
6w Log x5 3505 2el- 309 | 5301 


Source of data: 


Based on equations lw through 6w given in table 8. - Coefficients based 
on equations lw, Sw, 4w, and 5w adjusted to remove negative signse 
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45. 

to account more explicitly for the multitude of influences that are represented by 

timee However, the introduction of the population factor,while reducing the con- 

tribution of "time;' still leaves it of considerable importancee Thus in equation 

4w, roughly 41 per’ cent of the shipment variance is allocated to the trend factorse 

The major importance of the time variable in the shipment equations is an undesirable 

feature of these equations and one which should induce considerable caution in their 

USCe 
In all of the equations thus far considered, the quantity variable was re- 

presented by domestic shipments of lemons during the months November through April 

of each yeare In the summer analysis imports were shown to be a homogeneous part 

of the total supply of lemons during the months May through Octobere Such, appare 

ently, is not the case during the winter months. The use of United States supply of 

lemons during the winter months -= that is, of domestic shipments plus imports -- 

as the quantity variable reduces the adjusted multiple correlation coefficient from 

0.9022 to 0.5144 with price as the dependent variable and from 0.9697 to 0.8656 

with United States supply as the dependent variables It is not satisfactory, either, 

to include imports separately as an independent variable, for then imports add little 

to the fit of either the price or the shipment equationse This analysis has found 

no empirical grounds for including imports explicitly or implicitly in the equations 

for winter lemonse 
The lack of relevance of the import variable during the winter months is 

difficult to explain, especially in view of the fact that the relative magnitudes 

of imports for consumption during the two seasens were quite similar. It is posd ble 

that lemons imported during the winter months were intended primarily for consumption 

during the summer months. The fact that heavy imports of lemons have usually 


occurred in February, March, and April lends some support to this conjecturee 43/ 
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43/ However, domestic shipments of lemons also exhibit practically the same 
patterne For the ten-year period 1921-22 through 1930-31, imports of lemons for con- 
sumption during the months November, December, and January constituted 19.4 per cent 
of the California Fruit Growers Exchange movement of lemons into fresh consumptione 
For the months February, March, and April this proportion rose only to 21e3 per cente 
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46. 
It is also possible that due to sudden and large shifts of demand induced by weather 


factors, the product differentiation which obtains during the winter is much weakened 
during the summer monthse While the fitst possibility appears, off-hand, to be more 
plausible than the second, neither has direct evidence which could be cited in its 
supporte 
As was the case in the analysis of data on summer lemons, the replacement of 
domestic shipments by two quantity variables, one consisting of domestic shipments 
by the California Fruit Growers Exchange and the other of domestic shipments by 
other marketing agencies, leads to the conclusion that such a breakdown of the 
quantity variable has little effect. Below is given the price equation in which 
Exchange domestic shipments (x2) and domestic shipments of shippers outside of the 
Exchange (Xp 4) are used as two independent variables. The other variables in the 
equation are f.oebe prices (x,), index of nonagricultural income (x,), index of 
temperatures in December, January, and February (x,)» and "time" (x5). The figures 
in parentheses are standard errors of the partial regression coefficients. While 
the adjusted multiple correlation coefficient is somewhat lower for this equation 
than for equation lw (0.8502 as against 0.9032), the coefficients of the two quantity 


series are almost identical in magnitudes 


+ 0,0226x, = 020492x, + 0.0642x, 


2e 20 3 
(0.0006) (0.0010) (0.0062) (0.0155) (0.0151) 


t 
a = 392926 = 0.0028x, = 0-0027x 
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476 
Allocation of Shipments 


In this section we shall confine ourselves to a brief consideration of two 
types of allocation of shipments over timee In the first class are included allo= 
cations designed to maximize returns to the industry; the second is comprised of 
allocations designed to maximize shipments or minimize prices for fixed "net" 
returns to the industrye 

The basic interval of time for which most marketing decisions are made in 
the lemon industry is much shorter than the six-month period on which the analyses 
described in the preceding section were basede However, if the results of these 
analyses are to be at all useful in connection with the problem of allocation, a 
time interval shorter than six months cannot be employed. Thus the allocation of 
shipments that will be considered is that between the two periods November through 
April and May through October of each marketing year. The discussion to follow is 
pertinent to decisions concerning shipments for other time intervals only in so far 
as such decisions affect the total quantity shipped during each of the two six- 
month periodse 

_ We shall begin by determining the allocation required to maximize feoebe 
returns. In this simplified case all costs to growers are disregarded. Aes 
more, neither returns from diversion of lemons to processing nor the long-run 
effects of the allocation are considerede Subsequently we shall take into account 
some of the costs and the additional revenue from processed fruit received by the 
growerse The long-run effects of the allocations discussed in this section, however s 
cannot be determined on the basis of the information at present availables 

For a given marketing year let the price-quantity relation in each of the 
two subperiods be, 

xy Fa + aX, 
Y, = b + boys 


where x, is the feOebe price per box and X_ domestic shipments for the six-month 
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period November through April, and where y, and yg denote respectively feoebe prices 
and domestic shipments for the period May through October. The feoebe returns for 
a given year are given by: 
2 2 
R= aXo + byo + Boks > beYe 


The values of x, and yo maximizing R ("optimum shipments") are easily shown 


to be 
* 
A 
Suk: (A) 
2 


If the constraint Xo a Yo = 4 where q is a fixed value, is introduced, 


shipments maximizing feoebe returns are given by the expressions: 
x’ = b= a + 2beq 
Sis & 2) (B) 
t 
2a =x, 
The shipments of winter and summer lemons maximizing feoebe returns with 
and without constraint for the years 1921-22 to 1940-41 are found in table ll. One 
set of these figures is based on equations 7s and lw -= the other, on equations 8s 
and 2w solved for fedebe price. 44/ To determine the constrained optimum shipments, 
feoebe returns were maximized under the condition that the sum of optimum shipments 
of winter and summer lemons for each marketing year equal a actual quantity 
‘shipped during the year. In figure 2 the series of optimum shipments are represented 
graphically together with the actual domestic shipments of winter and summer lemonse 
The shading of the area between estimates of optimum shipments, derived for winter 
lemons from equations lw and 2w and for summer lemons from equations 7s and 8s, is 
intended to suggest the existence of a zone of uncertainty for these estimates in 


44 / These equations were chosen because they contain explicitly the relevant 
variable to which allocation can be applied, namely, domestic shipmentse 
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TABLE 11 


Allocation of November-April and May~October Lemon Shipments to Maximize F.0.B. Returns 
for an Undetermined and for a Fixed Volume of Annual Shipments, 1921-22 to 1940-41 


+ November- Me Novemper- 


April ori Agril 


















































2 
SPD Cae A I RE! PR RE ie ee OR ET Se SR, ORE ORE LY 
IQRIDOR AA: BNA RIE RNS RATES Se RAE Sk RTE a RR PAINE 

1921-22 164 235 135 231 122 206 148 251 152 247 
1922-23 131 202 144 231 132 205 127 206 130 203 
1923-24 191 322 144 251 132 231 193 320 195 318 
1924-25 165 289 150 263 137 235 167 287 171 282 
1925-26 175 328 157 258 144 235 194 310 196 307 
1926-27 195 289 158 257 145 235 187 298 189 295 
1927-28 152 303 158 277 146 256 166 289 168 286 
1928-29 215 322 165 299 153 278 195 342 197 340 
1929-30 156 333 151 312 
1930-31 201 3e1 373 
1931-32 198 307 318 
1932-33 176 347 331 
1933-34 207 404 380 
1934-35 261 416 409 
1935-36 234 427 411 
1936-37 

1937-38 228 435 404 
1938-39 249 470 447 
1939-40 275 


1940-4 
Sources of data: 
Col. 1s Col..2 of table 7. 
Col. 2: Col. 4 of table 2. 
Cols. 3 and 4: Based on expressions (A), see text, applied to equations lw of table 8 and 7s of table 6. 
Cols. 5 and 6: Based on expressions (A), see text, applied to equations 2w of table 8 and 8s of table 6. 





Cols. 7 and 8: Based on expressions (8), see text, with the constraint Xs + Yo = X5 + Yop, applied to equations 
lw of table & and 7s of table 6. 

Cols. 9 and 10: Based on equations (B), see text,with fie constraint XS i Yo =X + Yo» applied to equations ew 
of table 8 and 8s of table 6. 
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Fig. &.-- Domestic shipments o 
1921-22 to 1940-41. (Data from table 11.) 
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51. 
addition to that implied by the standard errors of the estimates. Since equations 
with price as the dependent variable and equations with quantity as the dependent 
variable are a priori equally acoeptable, the differences between the results secured 
on the basis of these equations should in some way become a part of the measure of 


45/ 


the "true" optimum shipments necessarily lie within these zonese 


uncertainty to accompany these calculationse It is not implied, however, that 
Inspection of figure 2 leads to the following observations: (1) The optimum 
shipments of winter and summer lemons in the case of the unconstrained maximum are 
considerably smaller than the actual shipmentse For summer lemons in only one 
season and for winter lemons in only three seasons have the actual shipments been 
of the same order of magnitude as the shipments maximizing feoebe returnse The gap 
between the actual and optimum shipments is markedly greater during the latter 
part of the period than during the earlier yearse Furthermore, during the latter 
half of the period the differences between the actual and optimum shipments of 
summer lemons are larger than the differences for winter lemonse (2) The optimum 
shipments of winter and summer lemons in the case of the constrained maximum do 
not differ greatly from the actual shipmentse However, beginning with 1933 the 
optimum shipments of summer lemons are slightly but consistently wine than the 
actual shipmentse For winter lemons this tendency is, obviously, in the opposite 
directions Thus both sets of calculations, those for the constrained maximum and 
those for the unconstrained maximum, suggest that during the latter half of the 
period, relative to prevailing demand conditions, an overshipment of summer lemons 
has taken placee This conclusion is in harmony with the observation made earlier 
(page 2 ) concerning the downward trend of prices of summer lemons during roughly 
satan es ee cigs caesar eenpeninsnensceaicbnigns a alpina dicta eivtn nina tatn acest gts alana eho mn an ape enn Soe ba sptnininpanciemas 
45/ The studies of Frisch and Koopmans are relevant in this connection: 
Frisch, Re Statistical confluence analysis by means of complete regression systems. 


Osloe 1934; and Koopmans, Te Linear regression analysis of economic time seriess 
Haarleme 19376 
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526 
the same part of the period, 
It may appear from the figures cited in connection with the unconstrained 
maximum that a drastic curtailment of shipments of summer and winter lemons in many 
of the years considered would have increased markedly f,oebe returns to the industry 
for the periods It should be emphasized that such a conelusion is unwarranted, The 
formulation employed herein does not permit assessment of the long-run effeots of 
an allocation policy, An obvieus consequence of a dragtio curtailment of lemon 
shipments is a shift on the part of consumers to substitutes, It is probable that 
within the range of lemon prices which have thus far prevailed, the level of prices 
of technically substitutable commodities has not had an important influence on the 
demand for lemonse However, in higher price ranges ~= effeotuated by markedly ours 
tailed shipments -» substitution may beaome a factor of major importance, 
Introduction of costs and additional revenues arising from the sale of 
lemons for manufacture has the effeet of further decreasing optimum shipments 
derived for the unconstrained maximum, These new elements are introduced by maxi- 
mizing for a given year "value on tree" defined as 
VR = (g +h) (x +¥_) +(@ = x > YQ) 2 
where g represents picking and hauling costs per box, h represents the pacgking= 
house charge and selling (ineluding advertising costs), Q the total lemon crop, and, 
finally, z the price “on tree” of lemons used for prooessings Rs as before, denotes 
feoebe returns for packed and loose fruits The reader wil] note the simplifying 
assumption of constant average “variable” costs and the further assumption of a 
fixed “on tree" price of lemons diverted to manufacture, Cultural costs, interest 
on investment, and depreqiation allowange are not ineluded in this formulations 
The shipments maximizing V are given by 
u fo) ee + 
ee bs 
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53.6 
It is apparent from expressions (C) that shipments maximizing V will be amlier 
than shipments maximizing R, that is, that the demand at the "on tree" level is 
more inelastic than the demand for lemons at the fedebe levele The introduction of 
costs and additional revenue from processing has no effect on the magnitudes of 
optimum shipments derived for the constrained maximume 
The application of the remaining criterion involves the maximization of 
U = x, + Yp under the condition V = 4 or the minimization of W =R (x5 + yo) 


under the same constrainte The values of X» and y> maximizing U or minimizing W 





are given by: 






by (Vv, - F) 


ao (ay + be) 


7 wits ae = a (V, - F) 
oN bg (ag +b) 


11,2 ft.2 
where F = Qz = a(x, ) = by (y, ye 


(D) 


In table 12 are indicated the values of optimum shipments for the three 
years 1957-38 through 1939-40 calculated from (C) and (D). The differences between 
the optimum shipments maximizing "value on tree" and the shipments minimizing the 
annual weighted average price for a fixed “on tree" value are very largee Since 
the magnitude of such differences is a function of the value selected for V no 
significance attaches to the particular magnitudes of optimum shipments given in 
table 12. These are to be viewed as numerical illustrations of the expressions (C) 
and (D) designed to make their meaning more concrete. Of some interest, however, 
is the following observations Let d be the difference between the optimum shipments 


- x") or (ys** -y  )», and 


calculated from expressions (C) and (D), that is (x'*" 


let d* be the value of d for Vy = O50 It is easily seen that 


d Vv 
d vy’ 


where V' is the maximum value of V,e Thus relatively large differences between 
c 
optimum shipments derived from expressions (C) and (D) are to be expected for a 


large range of values of Ve 
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TABLE 12 
Shipments of Summer and Winter Lemons Maximizing Value on Tree 


and Minimizing Average Annual F,0.B. Price for Fixed Value on Tree 


Shipments maxi- Shipments minimizing 
Annual Costs f.Oeb- Price on - mizing value on prices for fixed 
pro- packing house | tree for tree value on tree 
duction | less culturel | manufac- November-| May- November-| May- 
costs October October 


dollars dollars 
per box per box dollars 


1937-38 1.32 O-ll 12,518 


1938-39 13,876 


1939-40 13,040 





Sources of data: 


Cols. 1 and 2: California Fruit Growers Exchenge. Marketing Research Depertment. Statistical informetion on the 


lemon industry. February, 1942. 


Col. 3: United States Bureau of Agricultural Economics. Agricultural prices. Washington, D. C. August 28, 1942. 


(Mimeo. ) 





Cols. 4 and 5: Based on expressions (C), see text, equations lw and 7s and cols. 1, 2, and 3. 


Col. 6: Estimated on the basis of equations lw and 7s and data in cols. 1, 2, and 3. 


Cols. 7 and 8: Based on expressions (D), see text, equations lw and 7s, and cols. 1, 2, 3, and 6. 
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Summary 


Most of the variation of the average feOebe prices of California summer 
lemons during the twenty-year period 1922 to 1941 can be accounted for by con= 
comitant variation in three factors: namely, (1) total quantity of lemons mar- 
keted as fresh fruit in the United States, (2) nonagricultural income payments in 
the United States, and (3) maximum temperatures prevailing during the summer monthse 
Most of the variation of the average feoeb.e prices of winter lemons can be accounted 
for by concomitant changes in (1) domestic shipments for fresh consumption of 
California winter lemons, (2) nonagricultural income payments in the United States, 
(3) average level of temperatures prevailing in December, January, and February, 
and (4) trend factors not individually identified but whose aggregate effect is 
represented by the variable "time." This variable failed to make a significant 
contribution in the analysis of summer lemons largely because of the presence of 
a marked trend in the temperature index. Additional evidence, however, makes it 
probable that during the period the demand for summer lemons relative to annual 
changes in the purchasing power of consumers and to annual changes in the level of 
maximum temperatures shifted upwarde 

In order to obtain a more comprehensive picture of the characteristics of 
demand for summer and winter lemons, both price and quantity were employed as 
dependent variables in the regression analysise In each case the dependent variable 
(and its logarithm) was expressed as a linear function of the independent variables 
(and of their logarithms). In addition, equations based on per-capita quantity and 
per-capita income were fitted. The results secured with these different treatments 
were found to be in substantial agreement. 

On the basis of these analyses several major conclusions appear to be 
warranted: (1) The demand for summer lemons on an f.oebe basis was inelastic 
during the period; the demand for winter lemons on an fedebe basis was also in- 
elastic during most of the periods There appears to be little or no difference in 


the elasticities of demand for summer and winter lemonse (2) Changes in income 





eS ee et en 3 t. p 4 sah ie 
= ra 5 bg id Pete ole Pie he eh 4 eis Ve 
<0 ‘ - 
’ Foe > heal ess < ¥ ey we Fey, a iu 
Bs x5 ee ; hie e) 
. 988 i : 3 
. er “ } = i C . ¥ 
bette Ripe pA sie j 
‘ Je Pats nee Eps bt 5. fey ome 
a a ; \ 
a4 x ore r, ‘ it Ss 


rise <abunitd fat) 0% sate daGAa olen ae’ ie moitat an ald 20 3 nt 
evo sed ae ties wd edo “Gib 68 88OL B6 Leg “aeyerond a0 patead sonnel 
neta sense | 0" ud féitop ‘tase EL) % oti éeiian *Sexbdon cout at toltatiey duediaoo 
at ataemye vomeenit “eth titeMigdwom £2) Needas> ‘bad fn ‘iis sh ‘eine duet 28 bet oa 
codiacn temam sit ‘geet ‘volke sy thay ‘esta atria ‘eaakcan we ‘oma ‘sendade bes iat exit 
hednyenoe oe wiwo rectorelf “Hethdity “YS ‘Svea Stee’ oysters ‘one ‘bo moat uae ods % toon 
eine 


fe mottgvened devet 464 wate baat Bb th) nt 28a sus impanoe ve, we 
so tseston a ah ae woo aiswwlifs0 





4 dette otonsyye ebay sit Baiiisnobs iba i soi rodent bao tt i) b bae 


ane Eons e ote of hedtet ofiariy sist wg: a” etéainay ont a podnoeonie: 


te eonenamr, att To: os deboet Yéegtel eniker temmia % sieylens oils Bi ao ijustta0e 
> oBte’ 1 
$F aaolam. wtewstros!. onde ae k¥ deosaytiits snp batt otiiia veces eid a batons bestsam a. 


ore Beis 


Larrea oct orton: cuore! damit bY nevnisebs ony Camead outs é situ ade oto 


ebtauce bedtite *scuidemgent mata 
to noldaltevsasnrte: ts: 96 ottiitoka’ naan otom a ‘nindo oo rebr0 at 


fap i fen ast te oe Ree af 
ae tiie Peay teed 


‘atten emohneysh ‘writ “ofse ide gt e tiny ini’ aolacerges outs hab oldatney en 
54 “ee = Sard 
seldsitey taghwoqubis Jed sio helteaby ‘dist *p ‘ae ‘beeesaio ‘Baw ‘(cote Eangod as! fan) 
é ot iar va 
hae ytituenp athysrmwit kd dew bddiy ade” bb'iboe nt coo “iors to ba) 
Ty cats eee 


. ataemascts. dnote tTlb- esorke SRE eee y betined ble" ade” oxew ervoat ad Lgaon0g 


Fetes 5 aetiaad I ey eran ae 


hceiase talinaedie ae ‘ed o¢ br03 eave 
tS Ree EGS are ae Serr 


ed oF tepqqt das Sest8A8S Fo fn “tehoyon® ice hiaa ‘eat he atead ost 0 
oivealent saw altad-vdsdet~Bo*ho“ensitel terkais to% “aac ‘eee Cc) ‘sheduarem 
emi gale anw eicadd: Hdede@rte tio Sadudt ofthat Sot “haan ena ‘boing exit gobach 
ek. senetetiibh om to élde-'? “ed So “Sissqqs Seertt asives ‘wid to doom ime ots ante 


eseont ai .geansid (}- ‘ gectoimel: tos tittr nhs ‘spesenms's ‘od poe to enbvtbisesle erit 








Pee eS eee Sh 

566 

have affected the demand for summer and winter lemonse. Increases in nonagricultural 

income payments have been associated with upward shifts of demand for both summer 

and winter lemons. (3) Changes in weather conditions, more specifically temperature, 

have affected the demand for both summer and winter lemonse An upward shift of 

demand for lemons during the summer months is associated with increase in tempera- 

tures; an upward shift of demand for lemons during the winter months is associated 

with decrease in temperatures. (4) During the twenty-year period the demand for 

both summer and winter lemons, relative to the other independent variables, has 

shifted upwardse It is likely that factors other than growth of population are 

responsible for a large part of this upward shifte 
The problem of allocation of lemon shipments between the two periods of the 

marketing year, November to April and May to October, was given brief considerations 

Shipments maximizing f.o.b. returns or “value on tree" -= the latter determined 

under a set of simplifying assumptions -=- were found to be, for most of the years 

of the period, considerably smaller than the actual domestic shipments of winter and 

summer lemons for fresh consumptione The conclusion that revenue to growers could 

be increased in the long run if drastic limitation of shipments were instituted is 

not implied by the foregoing since long-run effects are not treated in the formula= 

tions underlying these calculationse 
The allocation of a fixed annual volume of shipments to maximize returns to 

growers was also considered. For the twenty-year period, the allocation of the 

actual annual shipments so as to maximize returns to growers was shown to result in 

shipments of winter and summer lemons not greatly different from the actual shipments. 

However, since 1932-33 there has been apparently a slight but consistent tendency 

to undership during the months November to April and to overship during the months 

May to October. This and other evidence suggest that in recent years the shipments 

of summer lemons were somewhat large relative to the demand conditions prevailing 


during the year. 
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APPENDIX A 


Series Used in the Study 


The Price Seriese== The price series employed in this paper consist of the 
average prices, f.eOebe basis, received for lemons marketed by the California Fruit 
Growers Exchange during the six-month periods November through April and May through 
October, for each of the twenty years 1921-22 through 1940-41 (see table 13). The 
average price for each six-month period was obtained by dividing the total amount 
of money (reduced to an feoebe basis) received by the Exchange for lemons shipped 
during the period, by the number of boxes shipped. 

It is impossible to determine directly the degree to which the Exchange 
prices are representative of prices received for all California lemons since data 
on sales by other shippers of California lemons are not available to use Such 
factors as differentiation of product, variation in time and place of shipments, 
and variation in composition of shipments would make for differences between prices 
received by the Exchange and those received by other marketing agencies. However, 
Exchange prices would exert a predominant influence on the weighted average price 
for the industry as a whole. For the period under review the California Fruit 
Growers Exchange has consistently marketed the major proportion of California lemonse 
For winter lemons, on the average, the Exchange handled about 88 per cent of the 
total domestic shipments; for summer lemons the Exchange percentage was even higher, 
approximately 92 per cente In no year did the Exchange percentage fall below 80 
for winter lemons and 86 for summer lindeee ae 

Some notion as to the magnitude of the correlation to be expected between the 
weighted-average price of lemons marketed by the California Fruit Growers Exchange 
and the industry weighted-average price may be obtained by the following calculatione 

46/ These percentages are based on figures given in tables 20 and 2le 
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TABLE 15 
Seasonal Average F.0.B. Prices of California Lemons 


1921-22 to 1940-41 


ae ee oe 


November~ May- Year November-= May~ 
April October April Octobe 
dollars dollars 
per per box 





1921-22 5-48 1931-32 2049 
1922-23 4.20 1932-33 3209 
1923-24 2.358 1933-34 3220 
1924-25 5.87 1934-35 218 
1925=26 5633 1935-36 
1926-27 2473 1936-37 
1927-28 4.81 1937-38 
1928-29 3.58 1938-39 


1929-30 4.94 1939-40 


1930-31 3.09 1940-41 





Source of data: 

Based on prices received by the California Fruit Growers Exchange 

for lemons shipped during these periods. Beginning May, 1926, prices 
of fruit sold loose are included. Beginning November, 1935, prices 


of exported lemons are excludede 
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On the assumption that the proportion of the total shipments of domestic lemons 

controlled by the Exchange is constant from year to year and equal to py, the cor= 
relation between the Exchange weighted average price and the industry weighped 
average price is given by the expression, 


Py *+ Kk pg ry2 


*)+ * 2, ht 
pnp Py SS p. t © MoyPe ye 


where k is the ratio of the standard deviation of the weighted average prices re=- 





ceived by shippers outside the Exchange to the standard deviation the Exchange 
weighted average prices, rj5 is the correlation between the two sets of weighted 
average prices, and Po = l-p Considering Ty, 28 & function of Tio» the minimum 


: = -1 
value of the former is given for he "© k PoPy namely 


° ee / 2 2 
. @ SS = (k 


The minimum value of Ty4 may thus be calculated for various values of Py and Ke 
The values of Tie and rig obtained when to p; is assigned the value of the ratio of 
Exchange domestic shipments to industry domestic shipments and to k plausible limits, 
are given in table 14- Values of Tis obtained when p; is assigned the lowest 
observed value during the period under review are also indicated in the table, 
Under all assumptions, and these by no means favored the appearance of high corre= 
lations, the correlation coefficients secured are very highe These results suggest 
that a satisfactory use in the regression analysis may be made of Exchange prices 
as approximations to the weighted average industry pricese 
Several observations must be made concerning the year-to-year comparability 
of the seriese Beginning with May 1926, prices of lemons sold loose are included in 
our series. Since prices of packed lemons are available for each of the twenty 
years under consideration, greater homogeneity might have been achieved by exclud~ 
ing data on loose lemonse However, sales of the latter have increased significantly 


during the period under review. Rather than to disregard a factor of growing 





. |. oe 
— : bi nn v 





- eageat phgnom, 2, atgeng inte Lagog ate i eo eit: ect dnt mittomsecs eit ‘a0 
00 ee oat ot Tape bas 180, 08 apy. OR Pmpasi0g BL auaedoxd ety Yd bol fostace 
“ bpdigtey Tsaubst, odd, ne sola edeyana botiyew epnedexd edit apawod.soltalos 

| caagzanarane pit eS erty at eobxg egatove 





ot Beodng | chests bettaten. ott, 3a. sapratyeh. byahaats,.odt To offer add ef 4 etesiw 
egtadont ot potte ten’, Svehla y, Sot 99. syierinnd orld ohiedwo eyeqqite yd bovieo 
ee: 20, Step. ong oe, pomged aoste long, 2 aay - ek. eet anpokig 03.2 T8V 2. betdaiow 


marae haind £E sir ‘70. - 10 Soper, £ BA, oii, pepe lanes, ie rart.= gt bas zeokty eps ters 
ie 





evioger » Hs a-ws est, ol. wevig-ai..vemrot edt to euler 
ee; 





oF fe a 30,g0ulay guoinay 30), hodadwalge essed. yor 9% Qo euler oumbntm ed 

to giden erty 0, uloy ont begat see OF 0 GF ROY POREARGS ip MAMA: grt 20 souler out 
attiat! eldiauaty A of fue etnemise gtjaqms, yelaubah oF .gtageatde attaomb egaariexd 
deewol odd Pemgteas at sg OR: hoalokdy.. ei? je -nouley,...f{ -alded at movin ete 
‘selded gilt at pedogthat gale ere webeere,wobiw, oixeg.o8.acknh-alay berroade 
soTI9 gid Re. Ponetaegge. ¢ if fers. SeRgM Ost YS 9p ode, fas, _2aqosqmens - -£fe tebat 
taeggua, etinact esqdt tail JOR, 2, PO WARA,, ataatestieog ppt clang, edt _sqgoltel 
pooley sees: io ebap ed yam Ree ieng. Pk Raee tye, Oth. gal om - ynodpeqaise. 2 tads 
seoolag yrtanhns poaneng beige: oot. af ayaitemigetage es 

wet idpnaqmoo seqyretnteey ell arteponee. phased ppum gecitonnead, dereeos 

ni bebu fort, O18 e200! bios wien 4 Ip ROOK 4 BSEL~ yeild, sd dys alongs. 9 20,0398,.083 ‘to 
ae off tp soso tot sideltars ors, paoge | besa, to -peehin: POmbh. 260 ker . two 
wbuloxe vs bovetdop.sged. oral Atstm vateaegomd. vetoes »noitenehtenpn.nebex exs0y 
vdapotiinsie Seepexcat oval gottes, ert,» gelen: etovewplt...»anpmel- epoat.go stop: ant 









Saiworn to yotge) A brepote th of maul non ad, .qwopres, wehqw,.to lon, att. getaub 


ar 





TABLE 14 


Estimates of Correlation Between California Fruit Growers Exchange 
and Industry Weighted Average Prices Under Various Assumptions 





Ratio of C.F.G.E. Correlation between Correlation between 
shipments to C.F.G.#. and out- C.F.G.E. and in- Minimum 
industry side weighted dustry weighted value of 
shipments average prices average prices Tit 
fe) 
r r 
Py 12 1t lt 
.e7s2 * 0.1248 1 -0.1426 0.9898 
0.8752 0.1248 2 -0.2852 0.9584 
0.7961 F 0.2031 1 0 0.9690 
0.9202 + 0.0798 1 -0.0867 0.9962 
0.9202 0.0798 2 ~0.1734 0.9924 
0.8560 ¢ 0.1440 : 0 - 0.9862 





* Ratio of Exchange domestic shipments of winter lemons 1921-22 through 1940-41 to industry domestic 
shipments. 


tT Smallest observed ratio of fxchange domestic shipments of winter lemons to industry domestic shipments 
for the period 1921-22 through 1940-41, 


$+ Ratio of Exchange domestic shipments of summer lemons, 1922 through 1941, to industry domestic shipments. 


é Smallest observed ratio of Exchange domestic shipments of summer lemons to industry domestic shipments 
for the period 1922 through 1941. 
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| ble 
inipoftance, it was thought preferable to adept the risk of a slight upward bias 


in the first four or five observations of the series. 
Of possibly greater importance as fat as the homogeneity of the price series 
is concerned is the fact that prior to 1955-56 the series include prices of ex= 
ported lemonse For the six years for which export data are available, the prices 
based on domestic shipments differ by as much as 10 cents a box in only one 
season from prices based on total shipments (see table 15)¢ It is unlikely that 
differences of this magnitude would be found for the earlier years of the periode 
Total exports during the last six years were greater relatively than during the 
previous fourteen yearse WY pstivices in the more recent years a somewhat 
larger proportion of lemons than previously was exported to destinations other 
than Canada; the fedebe prices for the latter country are ordinarily closely in 
line with prices of like grades and sizes of domestic lemons marketed in continental 
United States. 48/ 
Finally, it must be noted that the grade and size composition of shipments 
varied from year to year (see table 16). The lemons to which the prices refer have 
not constituted a strictly homogeneous commoditye Had monthly date on grades and 
sizes been available for the whole of the period, these sources of heterogeneity 
could have been removeds In the absence of this information we are unable to 


: : 49 
assess the contribution of these factors to the variance of the fedebe cies 


47 For the period 1921-22 through 1934-35, exports of domestic winter — 
were 5-8 per cent of total shipments of domestic lemons for fresh consumption; 

for the period 1935-36 through 1940-41, the percentage of exports was 8el per cente 
Analogous figures for summer lemons are 401 per cent and 7.0 per cente See data on 
exports given in tables 17 and 18. 


4 For the period 1925-26 through 1934-35 exports of lemons to Canada comprised 
approximately 74 per cent of total lemon exportse The corresponding figure for the 
period 1935-36 through 1939-40 is somewhat less than 60 per cente. 


bn f One other possible source of incomparability should be mentioned. In 
November 1929 the California Fruit Growers Exchange extended its operations to 
Arizona and from that time on prices of Arizona lemons marketed by the Exchange are 
included in the price seriese The volume of Arizona lemons marketed by the Exchange, 
however, is negligibly small. 
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TABLE 15 
Comparison of F.0.Be Prices of Lemons Excluding and 


Including Exports, 1935-56 to 1940-41 


November-April May-October 


Feoebe price | F.o.b.e price} Feoeb. price| Feoebe price 
excluding including excluding including 
exports exports exports 





























dollars dollars 





dollars 





1935-36 





3-72 4.51 4,49 

















1936-37 4,86 4,87 





1937=+38 2687 2282 









1938-39 3.17 3207 





1939-40 5.04 








1940-41 





519 


Source of data: 


From records of the California Fruit Growers Exchange. 
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TABLE 16 

Average Sizes of Lemons Shipped by the California Fruit Growers Exchange 
and Proportion of Shipments Graded Sunkist, 1930-31 to 1940-41 


re ie : Percentage of 
erage size shipments 


Year November- May- graded Sunkist 
April October November-October 


Sac RE FERS, SRR Sue BR Se 


Number per box 
1930-31 334 
1931-32 341 
1932-33 355 
1933-34 363 
1934-35 361 
1935-36 367 
1936-37 379 
1937-38 355 
1938-39 364 
1939-40 363 
1940-41 354 





Sources of data: 
Cols. 1 and 2: Based on packed lemon shipments of the Calif- 

ornia Fruit Growers Exchange. Average size for each season was 
computed by weighting the monthly average sizes by the corresponding 
monthly shipments. 
Col. 3: Based on reports furnished to the California Fruit 
Growers Exchange by district exchanges. Includes both packed and 


loose fruit. 
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The Quantity Seriese-- The quantity series employed in the regression 


analyses are given for winter lemons in table 17 and for summer lemons in table 18. 
In column 1 of these tables are given estimates of shipments of California and 
Arizona winter and summer lemons for fresh consumptione Since these are the basic 
components of the final series, their construction will be described in detaile 
The sources of the other entries are indicated fully in the notes accompanying the 
Seitiens 
Estimates of the industry shipments of domestic lemons for fresh consumption 
were obtained by adjusting the estimates of packed shipments of domestic lemons by 
the ratio of packed and loose shipments of lemons by the Exchange to their packed 
domestic shipments. This step in the construction of the series is based on the 
assumption that the ratio of sales of loose lemons by the industry to total 
industry sales of lemons is identical with the analogous ratio for the Exchanges 
The validity of this plausible assumption cannot be directly examined since reliable 
estimates of sales of loose lemons by shippers outside of the Exchange are not 
available for any part of the lie under reviews However, since the Exchange has 
marketed the major proportion of the California lemon crop in each of the twenty 
years, the ratio of loose to packed fruit for the industry as 4 whole could not be 
very different from the ratio for the Exchanges 
In turn, estimates of packed shipments of domestic lemons were obtained by 
adjusting the Exchange packed shipments by the ratio of industry rail and boat ship=- 
ments of domestic lemons to the Exchange rail and boat shipmentse Industry rail 
and boat shipments cannot be used directly to represent total industry shipments of 
lemons, because movement of lemons by truck is not included in these figures, and 
because of the difficulty of determining the proportion of lemons in mixed citrus 
car shipments. On the other hand, it is probable that the proportion of lemons in 
mixed citrus car shipments is not greatly different for shippers outside the Exchange 
from what it is for the Exchange. This is a plausible assumption and one which 


affects only a relatively minor subtotale 
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TABLE 17 


Winter Lemons: Domestic Shipments, Per Capita Domestic Shipments, United States Supply, 
and Fer Capita Supply, 1921-22 to 1940-41 


Year Per capita 
November- Total Domestic Domestic United States domestic Imports for United States 
April shipments {exports shipments population shipments consumption supply 
Bos SAS oe SAGES A RE RS “ON RS RR  OSS, SSS 




























































































thousand | thousand thousand thousand pounds thousand thousand 

boxes boxes boxes persons boxes boxes 
1921-22 1, 56 115 1,641 109,873 1.14 2,025 
1922-23 1,388 80 1,308 1114937 0.89 1,998 
1923-24 2,034 125 1,912 113,202 1.28 2,048 
1924-25 1,726 78 1,648 114,867 1.09 2,032 
1925-26 1,860 110 1,760 116 ,532 1.14 2,059 
1926-27 2,139 185 1,954 118,197 1.26 2,050 
1927-28 1,610 93 1,527 119,862 0.96 2,022 
1928-29 2,291 145 2,146 121,526 1.34 2,302 ~ 
1929-30 1,632 74 1,558 123,077 0.96 2,169 
1930-31 2,147 139 2,008 124,039 Lees 2,077 
1931-32 2,122 138 1,984 124,840 Leel 2,020 
1932-33 1,823 62 1,762 125 ,578 1.07 1,821 
1933-34 2,163 90 2,073 126,373 Leeo 2,081 
1934-35 2,779 170 2,609 127,249 1-56 2,612 
1935-36 2,671 332 2,539 128,052 1.39 
1936-37 2,691 132 2,559 128,823 .1,30 
1937-38 2,433 150 2,283 129,823 1.34 
1938-39 2,790 299 2,491 130,878 1.45 
1939-40 2,964 2,746 131,954 1.56 
1940-41 3,247 3,013 135,000. * 1 Late 











* Estimated. 
Sources of data: 
Col. 1: Col. 4, table 19. 
Col. 2: United States Department of Commerce. Monthly summary of foreign commerce of the United 
States, monthly issues. 
Coit. 52 Col, 1 minus col. 2. 





Col. 4: United States Department of Commerce Bureau of the Census. Statistical Abstract of the 
United States, 1941. Population. Ustimated as of July 1 for continental United States. 
Col. 5: Col. 3 divided by col. 4 and multiplied by 76 for conversion to pounds. 


(Continued on next page) 
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Table 17 continued. 


Sources of data: 


Col. 6: United States Department of Commerce. Monthly summary of foreign commerce of the United 
States, monthly issues. 1921-22 through 1932-33: "General imports" minus "exports of foreign lemons." — 
1933-34 to date: “Imports for consumption." Exports of foreign lemons for November, 1921, through 
December, 1925, and all import figures converted to boxes on —. cf 76 pounds per box. 

Col. 7: Cole 3, plus col. 6. 
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TABLE 18 


Summer Lemons: Domestic Shipments, United States Supply, and Per Capita United States 
Supply, 1922 to 1941 


Year 
May- Total 
October | shipments 


thousand 


boxes 


2,425 
2,104 
3,335 
2,964 
3,442 
3,043 
3,162 
3,377 
3,437 
3,941 
3,167 
3,567 
4,180 
4,535 


* Hstimated. 
Sources of data: 


Domestic Domestic 
exports shioments 


thousand thousand 
boxes 


2,347 
2,019 
3,217 
2,887 
3,282 
2,888 
3,031 
3,222 
3,333 
3,812 
3,072 
3,471 
4,040 
4,159 


United 


Imports for States 
consumption supply 


thousand thousand 
boxes 


931 
1,096 
468 
1,101 
743 


boxes 


3,278 
3,115 
3,685 
3,988 
4,025 
3,507 
3,495 
3,554 
3,882 
3,988 
3,119 
3,540 
4,055 
4,159 


United 
States 
population 


thousand 
persons 


109,873 
111,537 
113,202 
114,867 
116,532 
118,197 
119,862 
121,526 
123,077 
124,039 
124,840 
125,578 
126,373 
127,249 
128,052 
128,823 
129,823 
130,878 
131,954 
133,030* 





Per capita 
United States 
supply 


United States Department of Commerce. Monthly summary of foreign commerce of the 








Cols 1; Col. 6, table 19. 
Cole 2: 

United States, monthly issues. 
Col. 3: Col. 1 minus cole 2. 
Col. 4: 


United States, 


lemons; 1934 to date: 


United States Department of Commerce. 
monthly issues. For 1922 through 1933: 
Imports for consumption. 


Monthly summary of foreign commerce of the 
General imports minus exports of foreign 


Exports of foreign lemons for 1922 through 1925 
and all import figures converted to boxes on basis of 76 pounds per box. 


(continued) 
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Table 18 continued. 


Sources of data: 
Col. 5: 
Col. 6: 
Col. 7: 





Col. 3 plus col. 4. sees 
Col. 4 of table 17. 


Col. 5 divided by col. 6 and multiplied ‘by 76 for conversion to pounds. 
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TABLE 19 


Industry Shipments of inter and Summer Lemons 
for Fresh Consumption, 1921-22 to 1940-41 


November~ April May-October 
Industry ;{ C.F.G.&. Industry |C.F.G.E. 
Year rail and rail and rail and rail and 
boat boat industry boat boat 
shipments | shipments shipments i shipments 
1 RE SS SEY eR a ON ee ee 6 
0 

































Total C.F.G.E. 


shipments 


C.F.G.E. 
shipments 


Total 
industry 











carlots carlots 1,000 1,000 carlots carlots 
boxes boxes 

1921-22 3,881 3,368 L823 1,756 De taL 4,922 
1922-23 3,439 a,e04 Lsoul 1,388 5 7215 4,972 
1923-24 4,987 4,579 1,867 2,034 7,954 6,819 
1924-25 4,285 3,879 1,562 1,726 i 7,306 6,750 
1925-26 4,623 4,287 LsT25 1,860 8,771 8,007 
1926-27 S,at5 4,479 1,719 2,139 7,641 6,860 
1927-28 4,067 Sg foo 1,479 1,610 8,224 7g617 
1928-29 5,894 5,169 2,009 2,291 8,460 7,675 
1929-30 4,018 3,636 1.477 1,632 9,010 8,319 
1930-31 5,493 4,685 1,831 2,147 10,072 9,195 
1931-32 5,402 4,397 1,727 23122 7,910 7,291 
1932-33 4,593 4,060 1,610 14,823 8,943 8,004 
1933-34 5,143 4,513 1,898 2,163 10,515 9,586 
1934-35 6,649 5,294 ayano 2,779 10,877 9,928 
1935-36 6,128 5,242 2,285 2,671 11,003 10,123 
1936-37 - 5,347 4,803 2,417 2,691 8,526 7,994 
1937-38 5,169 4,534 2,159 2,433 10,753 9,793 
1938-39 5,908 4,784 2,260 2,790 © 11,173 10,107 
1939-40 6,271 5,000 2,363 2,964 10,215 8,907 
1940-41 6,885 S,260 2,481 3,247 12,554 11,067 
1941-42 6,369 5,544 2,621 3,011 10,546 9,494 


Sources of data: 
Cols. 1, 2, 5, and 6: Reported by the railroads to the California Fruit Growers ixchange, 





xchange and industry truck shipments are excluded. 
Col. 3: From the records of the California Fruit Growers Exchange. Consists of shipments of 
packed and loose fruit. For 1921-22 through 1925-26 shipments of loose fruit not available, but were 
estimated to be 2.86 per cent of packed shipments during those years. 


(Continued on next page) 
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Table 19 continued: 


Sources of data: 
Col. 4: Col, 3 multiplied by col. 1 divided by col. 2. 


Col. 7: From the records of the California Fruit Growers Exchange. Consists of shipments of 


packed and loose fruit. For 1922 through 1925, shipments of loose fruit not available, but were 
estimated to be 3.02 per cent of packed shipments during those years. 


Col. 8: Col. 7 multiplied by col. 5 divided by col. 6. 
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TABLE 20 the 


Winter Lemons: California Fruit Growers Exchange Domestic Shipments 
and Outside Domestic Shipments, 1921-22 to 1940-41 


Year Domestic CoFeGeEo Estimated CoFeGeke 
November- shipments shipments CoFeGaEe domestic 
April exports | shipments 


1921-22 
1922=23 
1923-24 
1924-25 
1925-26 
1926-27 
1927=28 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 
1933-34 
1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 
1940-41 





Sources of data: 
Cots kt Col. Sy table 17. 
Col. 2: Col. 3, table 19. 
Cole 3: Col. 2 of table 17 multiplied by the ratio of California 
Fruit Growers Exchange rail and boat shipments of lemons to industry rail 
and boat shipments as reported by the railroads to California Fruit Growers 


Exchange e 


Col, 4: Through 1934-35, cole 2 minus col. 3; beginning 1935-36, 
reported by the California Fruit Growers Exchange. 


Cole 5: Cole 1 minus cole 4.6 
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TABLE 21 


Summer Lemons: California Fruit Growers Exchange Domestic 
Shipments and Outside Supply, 1922-1941 












Year Estimated | CeF.eGsE. Outside 
May~ Domestic CoFeGeEe CoFeGeEe domestic domestic Outside 
October j{shipments | shipments | exports shipments | shipments | suppl 
BORE BiiGe we. eG EGG ARG OG ae coe ce 
2,000 2,000 


1,000 1,000 7,000 



























Sources of data: 
Col. na Col. 3, table 18. 


Col. 2: Col. 7, table 19. 

Col. 3: Col. 2 of table 18 multiplied by the ratio of California Fruit 
Growers Exchange rail and boat shipments of lemons to industry rail and boat 
shipments as reported by the railroads to the California Fruit Growers Exchange, 


Col. 4: Through 1935, Col. 2 minus col. 3; beginning 1936, reported by 
the California Fruit Growers Exchange. 


Col, 5: Cols 1 minus col. 4. 


Cole 6: Col. 5 plus col. 4 of table 18. 
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736 
The domestic shipments of winter lemons by the California Fruit Growers 


Exchange and by all other handlers are given in table 20¢ Similar data for summer 
lemons are recorded in table 21. For years prior to 1935-36, shipment figures 
entered in the permanent records of the Exchange include exportse Exchange exports 
for the period 1921-22 to 1934-35 were estimated by adjusting industry export Pig- 
ures by the ratio of Exchange rail and boat shipments to industry rail and boat 
shipmentse This adjustment is based on the assumption that the ratio of Exohange 
exports to Exchange shipments is the same as the ratio of exports by other handlers 
of California and Arizona lemons to their total shipmentse 
The Income Seriese-- In table 22 are given indexes of nonagricultural income 
payments based on data published by the United States Department of Agriculture. 
The entries in this table are simple averages of the monthly indexes for the six- 
month periods November through April and May through Octobere 50/ It should, 
perhaps, be noted here that for the years prior to 1929 the index is based on 
W. Ie King's and the Brookings Institution estimates, BF ans since 1929 on United 
States Department of Commerce estimates of income paymentse 
At least two criticisms may be offered of the use of the index of nonagricul= 
tural income payments as a measure of consumer purchasing powere Since lemons are 
produced by a small proportion of the total number of farmers, total income pay= 
ments would be a more suitable measure of consumer purchasing power than non- 
agricultural income paymentse However, a still more suitable index would be one 
based on total income payments from which necessitous expenditures have been 
en REN EN ee eee enn enneenn erence 


50/ A description of this index is given in: Beany Le Hey Pe He Bollinger, and 
Oe Ve Wellse Nonagricultural income as a measure of domestic demands 45pe UeSe 
Agre Adjuste Admin. June 1937, 


= The entire series prior to 1929 is published in Leven, Maurice, Harold G. 


Moulton, and Clark Warburtone America's capacity to consumee pe 152e The Brook» 
ings Institution, Washington, DeCey 1934. 
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74.6 
TABLE 22 


Indexes of Total and Per Capita Nonagricultural Income Payments 
in the United States, 1921-22 to 194041 


Nonagricultural income 
payments 













Index o 








Per capita nonagricu 








nonfarm income payments 
Year |November-April | May-October population November- May = 
1925-29 = 100 | 1935-39 = 100 | 1922 = 100 








1921-22 
1922-23 
1923-24 
1924-25 
1925-26 
1926-27 
1927-28 
1928-29 
1929-30 
1930-31 
1931-32 
1932-33 
1933-34 
1934-35 
1935-36 
1936-37 
1937-38 
1938-39 
1939-40 
1940-4] 


*Estimated. 
























Sources of data: 
Cole 1: 1921 to May, 1941: United States Bureau of Agricultural 
Economics. Nonagricultural income payments, United States, 1919 to date. 2Ps 
Washington, D. C., July 21, 1941. (Mimeo.) June, 1941 on: United States 
Department of Commerce. Survey of Current Business, monthly issues, adjusted 
by 88.105 per cent. Figures are simple averages of seasonally corrected 
monthly indexese Loans and payments to World War veterans on their adjusted 
service certificates in 1931 and 1936 are excluded. In the other years veteran 
bonus payments were of little significance. 


Col. 2: United States Bureau of Agricultural Economics. Nonagricul- 
tural income payments, United States, 1909-41, 2p. Washington, D. C. Feb- 
ruary 2, 1942. Figures are simple averages of seasonally corrected monthly 
indexes. Loans and payments to World War veterans on their adjusted service 
certificates in 1931 and 1936 are excluded. 


Col. 5: Col. 4 of table 17 minus estimates of farm population given 
in: United States Bureau of Agricultural Economics. Farm population estimates. 
Released July, 1940. (Mimeo.) Adjusted as of July 1 of each year. 

Cole 4: Col. 1 divided by col. 3. 


Cole 5: Col. 2 divided by col. 3. 
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subtracted. The demand for most consumer goods, one would suppose, is affected not 
so much by total income payments as by the amount of freely disposable income avail- 
able to the consumers.s 
At the time the caleulations reported in this paper were made, estimates 
of total income payments on other than calendar year basis were not available for 
years prior to 1929, Later, total income payments for November-April and May= 
October of each year were estimated by the senior author for use in another demand 
study. Estimates of disposable income were also prepared by subtracting,from total 
income payments to individuals,necessitous living expenditures, medical expenditures, 
and selected federal taxes. While the three indexes -= namely, nonagricultural 
income payments, total ai payments to individuals, and disposable income -= 
exhibited some differences, their year-to-year fluctuations were strikingly similar. 
The correlations between the three November-April indexes for the period 1922=23 
through 193940 were Tap = 0992, Le = .984, and * e996; the correlations for 
May=October were Yop 7 e991, "sao 0984, and The 7 0998 (a = nonagricultural income 
payments, b = total income payments, c = residual income)e In view of the magnitude 
of these correlations it is doubtful that extensive recalculations were warranteds 
Indexes of Summer and Winter Temperaturese-- The construction of a tempera= 
ture index raises a number of troublesome questions, What should be the basic unit 
of time in which temperatures are to be collected? Should mean, maximum or minimum 
temperatures be used? For what localities should temperatures be recorded? Should 
actual temperatures, departures from normal in a given area, or departures from some 
arbitrary level constant for all localities be calculated? How should temperatures 
be combined? Extensive trial may supply appropriate answers to all of these ques= 
tions, but extensive trial is time-consuminge Practical considerations make it 
impossible to avoid arbitrariness in the construction of the indexe 
The index of summer temperatures constructed for this study consists, for 
each of the twenty sixemonth periods, of the sum of weighted daily positive depart= 


ures of maximum temperatures from 80° Fahrenheit in 39 metropolitan areas (see 
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table 23). Population weights were used in caleulating the daily weighted meanse 


In order to insure a satisfactory degree of sensitiveness to the index, it 
appeared advisable to employ as its basic component daily maximum temperaturese 
Considering the intended use of this variable, it is clear that a geographically 
representative measure of temperature would not be particularly suitable. Rather 
an index which summarized temperature conditions in the densely populated areas of 
this country was requireds This led to a consideration of metropolitan districts as 
areas for which temperature data should be seoureds The 39 metropolitan districts 
selected were the urban centers largest in population. The exclusion of pre= 
dominantly. rural areas is open to criticism, since the available evidence suggests 
that the per-capita consumption of lemons in rural areas is nearly on par with the 
per-capita consumption in urban districts. S2/ The geographical extensiveness of 
rural regions, however, has precluded their inclusion in the indexes 

It is likely that the relation between temperature and consumption of cold 
drinks has a lower bound within the range of observed temperatures; below a certain 
point changes in temperature fail to have a measurable effect on the consumption of 
cold drinks, This consideration suggests the use of positive departures of maximum 
temperatures from some level, For this purpose a constant reference point, namely 
80° Fahrenheit, was employed for all districts and for all dayse The use of a 
changing reference level, such as the "normal" maximum temperature in a certain 
district for a given day, would have partialled out the effect of differences 
between the general levels of temperature in the various metropolitan areas, It 
appeared desirable, however, that the index in part reflect such differences. The 
seleotion of 80° Fahrenheit as the reference level is, of course, arbitrary, but 
the use of any other reference point, provided that it was not extreme, would have, 
in all likelihood, given approximately the same results. 


52 
ae Annual report of the general manager of the California Fruit Growers Exchange 
for 1937.» S6pe 
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77. 
TABLE 23 


Indexes of Winter and Summer Temperatures 


1921-22 to 1940-41 










Index of temperatur 
December~- May~ 
February * 


Index of temperatures 
December= lMay= 
February * 














per cent 













1921-22 1931-32 100 
1922423 1932-33 91 
1923824 1933-34 76 
1924=25 1934=35 79 
1925=26 1935-36 67 
1926-27 1936=37 90 
1927-28 1937-38 84. 
1928-29 1938-39 87 
1929-30 1939-40 77 







1930-31 40-41 83 





* 1931-32 =100. 


+ 1922 = 100. 
Sources of data: 
Colse 1 and 3: United States Weather Bureau, Climatic Summary of the 
United States, United States Meteorological Yearbook and Climatological 
Data for the United States by sections. Monthly mean temperatures December 
through February in 32 cities weighted by the population in the correspond- 
ing metropolitan districts. The weights employed are given in table 24, 
Colse 2 and 4: United States Weather Bureau, Climatological Data for the 
United States by sections. Positive departures of daily maximum tempera- 
tures in 39 cities from 80°, May through October, weighted by the population 


in the corresponding metropolitan districts. The weights employed are given 
in table 24, 
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One other item requires mention in connection with the construction of the 
index, namely the weights employed in the calculation of the daily meanse As was 
indicated previously, the positive departures of maximum temperatures from 80° 
Fehrenheit in each of the 39 metropolitan districts were weighted by the population 
in the district. For this purpose the population figures from the censuses of 1920, 
1930, and 1940 were employed as weights for periods 1922 through 1925, 1926 through 
1934, and 1935 through 1941 respectively (see table 24)~« The use of the three sets 
of weights was deemed sufficient to account for the relative shifts of populations 
in these arease 

Other weights, such as average unloads of lemons in each of the metropolitan 
detente of or even income figures for each area, might have been employed in 
place of the weights we have used, or in conjunction with theme The weighting 
employed is based on the simple hypothesis that, at each level of temperature , 
consumption of cold drinks is a single=valued monotonically increasing function of 
the number of persons exposed to the temperature. The weighting disregards possible 
regional differences in lemon consumption, but it is doubtful that there is marked 
regional variation in the use of lemons in cold drinks, 54/ If simple rather than 
composite weighting is to be employed, weights based on population appeared to be 
superior to other feasible types of weights, 

The index of temperatures employed in the analysis of demand for winter 
lemons is based on mean temperatures during December, January, and February in 32 
metropolitan districts, The weighted mean temperature for each of the three months 

53/ See appendix E for the use of average unloads as weightse 

54/ The data in table 1 suggest the existence of at least one regional difference 
in consumption of lemons, namely that between the southeastern region of the United 
States and other regions considered in the Study of Consumer Purchasese The data 
reported in table 1 were secured during the months May through August of 19364 
Analogous data secured during the months September through November, certainly a 
cooler period, reveal about the same difference between lemon consumption in the 


southeast and in the other regionse Thus it is not clear that this regional differ- 
tial is related to the use of lemons in thirst-quenching beverages. 
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TABLE 24 


Population Weights Employed in the Construction of Indexes 


Metropolitan districts 


Albany - Schenectady - Troy, N. Y. 
Atlanta, Georgia 

Baltimore, Maryland 

Birmingham, Alabama 

Boston, Massachusetts 

Buffalo, New York 

Chicago, Illinois 

Cincinnati, Ohio 

Cleveland, Ohio 

Columbus, Ohio 

Dallas, Texas 

Denver, Colorado 

Detroit, Michigan 

Hartford, Connecticut 

Houston, Texas 

Indianapolis, Indiana 

Kansas City (Kansas, Missouri) 

Los Angeles, California 
Louisville, Kentucky 

Memphis, Tennessee 

Milwaukee, Wisconsin 

Minneapolis - St. Paul, Minnesota 
New Orleans, Louisiana 

New York - Northeastern New Jersey 
Cklahoma City, Oklahoma 

Omaha, Neb. - Council Bluffs, Iowa 
Phi , a : 


of Summer and Winter Temperatures 


December-February index 


Ma tober index 
1922 1926 1935 1921-22 1925-26 193536 
through through through through through through 
1925 1934 1941 1924-25 1933-34 





adeipnia nns Vy 


Pittsburgh, Fennsylvania 
Portland, Oregon 





(Continued on next page) 
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Table 24 continued. 













ua index 
1935 1921-22 1925- 36 1935-36 
through through through through through through 
1925 1934 1941 1924-25 1933-34 1940-41 
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Metropolitan districts 








Richmond, Virginia 
Rochester, New York 

St. Louis, Missouri 

Salt Lake City, Utah 

San Francisco —- Oakland, California 
Scranton ~- Wilkes Barre, Pa. 
Seattle, Washington 

Toledo, Ohio 

Washington, D.C. 



















Total population 34,489,191 


44, 519, 745 | 47,950,608 | 31,144,016 | 39,009,662 41, 340, 367 


Cols. 1 and 4: Population figures for 1920 from United States Bureau of the Census, Fifteenth Census of 
the United States, 1930. Metropolitan Districts, Population and Area. Govt. Print. Off., Washington, 1932, 
expressed as ratios of the total population in the cited metropolitan districts. 


Sources of data: 


Cols. 2, 3, 5, and 6: Population figures for 1930 and 1940 from United States Bureau of the Census, 
Sixteenth Census of the United States, 1940, Population, first series, Number of Inhabitants, United States 
Summary. Govt. Print. Off., Washington, 1941, expressed as ratios of the total population in the cited metro- 
politan districts. 
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8l. 
was obtained by weighting the mean monthly temperatures in the 82 districts by the 
population in each districte As before, three different sets of population figures 
were employed, based on the 1920, 1930, and 1940 population counts and applied 
respectively to the periods 1921-22 through 1924-25, 1925-26 through 1933-34, and 
1934-35 through 1940-41 (see table 24). The final figure for each year is the sum 
of the weighted mean temperatures in December, January, and February adjusted for 
the difference in the number of days in these monthse 
Index of Influenzae-- The index of influenza given in table 25 is based on 
the incidence of influenza statistics reported by the various state health boards to 
the United States Public Health Service. Considerable caution must be exercised in 
the use of this indexe Incidence of influenza figures are far from complete for 
even the most recent yearse Not all of the states have or are reporting nonfatal 
cases of influenza and, for states which do report, varous degrees of underreport} 
ing are to be expected. 
The index was constructed by calculating the link relatives of the incidences 
for states reporting influenza in two successive yearse The number of states on 
which the relatives are based varied, of course, from year to year. An alternative 
procedure would have been to base the index on a constant sample of states, that 
is, on states that have reported for each year of the period under review, It is 
felt that the first procedure yields a more reliable index since it utilizes a 
larger number of reportse However, an index based on data secured from states 
which have reported influenza cases throughout the period showed excellent agree- 
ment with the index reported in table 25. The major difference between the two 
indexes was the greater magnitude for epidemic years of the values of the index 


based on a constant number of statese 
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TABLE 25 
Index of the Incidence of Influenza, 1921-22 to 1940-41 
Year, Index of Year, Index of 


November-= incidence of November- incidence of 
April influenza influenza 


per cent per cent 


1921-22 64 1931-32 21 
1922-23 1932-33 90 
1923-24 1933-34 13 
1924=25 1934-35 28 
192526 1935-36 38 
1926-27 1936-37 63 
1927=28 1937-38 15 
1928-29 1938-39 33 
1929-30 1939-40 44 


1930-31 1940-41 





Source of data: 
United States Public Health Service. Public Health 
Reportse The figures are link relatives reduced to 1922-23 


basee 
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APPENDIX B 


Price and Quantity Residuals and 


Tests of Randomness 
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TABLE 26 


Summer Lemons: Price and Quantity Residuals 


uation 
Year 7 


October 


Sourte of data: Derived from equations ls through 10s of tables 3 and 


applied to data given in table 2. 
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TABLE 27 


Summer Lemons: Tests of Randomness of Residuals 


Lagged co= 
Equation relation 
coefficient 


023565 
.-0 20706 
-0223549 


023848 
=0.1399 

051304 
=0.2982 
=0.0802 
-0.3280 
-0.0785 





Sources of data: 


Cole 1: Correlations of residuals lagged one year, based 
on data given in table 26. The 1 per cent significance point 
for N = 20 at the negative tail is -0.524. (Anderson, Re Le 
Distribution of the serial correlation coefficient. Annals 
of Mathematical Statistics 13:1-13, 1942.) 


Colse 2 and 3: Based on data given in table 26 and calcu- 
lated by combining all phases of more than two yearse A given 
entry in col. 3 gives the probability that a x8 of the magni- 
tude of the corresponding entry in col. 2 or larger would be 
obtained in a random time series. For details of the test, 
soe Wallis, We As and Ge He Moore. A significance test for 
time series and other ordered observationse National Bureau 
of Economic Research Teche Paper 1. September, 1941. 
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TABLE 28 


Winter Lemons: Price and Quantity Residuals 


Year 
November-= 
April lw 
dollars 1,000 
boxes 


1921-22 . 219 0.070 
1922-23 . -86 ‘ ‘ -0.067 
1923-24 . -24 ° . -0.047 
1924-25 | 0,029 
1925-26 . . . -0.038 
1926-27 é . . -0.056 
1927-28 0.017 
1928-29 0.086 
1929-30 0.023 
1930-31 . : . 0.013 
1931-32 0.003 
1932-33 . ° ° -0.005 
1933-34 . ° . -0.008 
1934-35 -0.025 
1935-36 0.014 
1936=37 

1937-38 0.040 
1938-39 : ‘ ° -0.036 
1939-40 0.008 


1940-41 -0.022 





Source of data: 
Derived from equations lw through 6w of table 8 applied to data given 


in table 7, 
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TABLE 29 


Winter Lemons: Tests of Randomness of Residuals 






agged cor= Wallis and Moore test 
Equation relation 2 
coefficient P(x5) 
AR SREY 


0.0583 
~0.0888 

0.0668. 
-0.1399 
~0.0471 
-0.21040 














Sources of datas 


Cole 1: Correlations of residuals lagged one year, based 
on data given in table 28, The 1 per cent significance point 
for N = 15 at the negative tail is -0.597. (Anderson, Re Le 
Distribution of the serial correlation coefficient. Annals 
of Mathematical Statistics 13:1-13, 1942.) 


Colse 2 and 3: Based on data given in table 28 for 1921+ 
22 through 1935-36 and calculated by combining all phases of 
more than two yearse A given entry in cole 3 gives the 
probability that a x° of the magnitude of the corresponding 
entry in cole 2 or ikrger would be obtained in a random time 
series. For details of the test, see Wallis, We Ae and 
Ge He Mooree A significance test for time series and other 
ordered observationse National Bureau of Economic Research 
Teche Paper 1. September, 1941. 
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Fig. 4.-- Summer lemons: Net regressions of United States supply on 
(A) price (x91 = 563.4914 - 41.2473 x,), (B) index of nonagricultural income 
payments (xoz = 175.3618 + 2.1239 xz), and (C) index of temperature (x94 = 
234,5614 + 1.3774 Xa)» 1922-1941. Arithmetic form. 





90. 





130 








Rr SO ee ree eee ve oe Ree Leer Sachs, 


408 


o 
Os 
te 


- 


UT Peq opsree enbbyh (x”) -+ to*oG60 poxer 


% 


2, 

= 

Sg 
o 





AS . f 
> peer 
*” Ses 
et 
cs" ae 
. ‘ds - 
ge até 
es - 
2) - ne 


o 
cu 
™ 






. Sy eM TR eat Seer i ve eee retin n 
Ue .] wines” OO. os VGwG He = 





autrsq ofsfem BnbbyA (x"} -- To*oG0. poxes 


, 
. 


henninleseeeeet sivenceitbecivivelatntrtommhnteeridhem KE expifob «« (x) -oatag .de0.8 
OCf OSf GE Gar ee. 08 “OT - ay 
fowmdLuotegenen 229 -xshel 
(x) apne 


" 


mA 


Og poked 


eae 
yo" 







« 


MIpeg gespes eAbbyA ( 





4 a } deny Ga Ra oe : Pe YOY cae SE SED OEIC Te O08 
QOL OBL -ORl -O8f ORL DIT DOr oe 98 OF 


(5) etutereqnad 20 .xchrl 


ao -ylqqus cetsts hetinl So arckemeapon tei -secomei tamu ee. wai 
emont Lerntivoirgenon ‘to xobet (R) (rx 2TOSL) — BCDC & phx) eotzg “(A) 
* 46%) omudereqmetd to xsbet (9) bas alex 8650.9 + BLOSe00 = sox) sdnamyrd 
otto oibtomisieh wLdCl-SSEL lar RONG LD + DL5E.828 


i) 





gl. 





5.5 
n 
3 5. 
19) 
& 
4 S 4,5 
fom 
(eo) 1 
no] 1 
: > 
ve @ 5.50 
ee " 
2 a 3.0 
8, 4 
3 s 2.50 
2 
Fy 2.00 
| 
{ 












6070 80 90 100 110 
Index of per capita nonagricultural 





income (xz) 








2.00 e200 3.00 
Per capita supply (x3) —~ pounds 


 Feoeb. price (x,) -- dollars 





L i i L i ‘ ' ‘ s 
70 80 90 100 110 120 130 140 150 
Index of temperature (x,) 


Fig. 5e-- Summer lemons: Net regressions of price on (A) per capita United 
States supply (x}p0 = 13.0064 - 3.6617 x8), (B) index of per capita pei Sara 
tural income payments (x4 o = -0.8778 + 0.565 x8), and (C) index of temperature 
(x}q4 = 0.9706 + 0.0272 xq), 1922-1941. Arithmetic form. 
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150 160 


Fig. 7.-- Summer lemons: Net regressions of price on (A) United States 


supply (log ae = 6.0076 - 2.0854 log Xo) (B) index of nonagricultural income 


payments (log ee = ~1.4737 + 1.0356 log Xz) and (C) index of temperature 
(log ay = 0.2300 + 0.0032 x4), 1922-1941. Logarithmic form. 
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Fig. 9.-- Winter lemons: Net regressions of price on (A) domestic shipments (xj2 = 8.9058 - 0.0028 xo), 


(B) index of nonagricultural income payments (xjz = 1.2950 + 0.0225 xz), (C) index of temperature (xj4 = 7.2948 - 
0.0484 x4) and (D) time (x15 = 3.3295 + 0.0636 xr), 1921-22 to 1940-41. Arithmetic form. 
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on (A) price = 3,010.03 - 294.93 x,); 


EA: CPLR AER se ere eee ete 
(B) index of nonagricultural income payments (x43 = 1,388.5 + 7.3125 xz), (C) index of temperature 
(x34 = 3,355.1 - 15,927 x4), and (D) time (x35 = 2, 053. 3 + 24.805 xs), 31 321-22 to 1940-41. Arithmetic form. 
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Fig. 11.-- Winter lemons: Net regressions of price on (A) per capita domestic shipments (xjoo = 8.9028 - 
4.4674 x8), (B) index of per capita nonagricultural income payments (xjz0 = 1.4173 + 0.0245 x3), (a5 index of tempera- 
ture (x14 = 7.2061 - 0.0474 X4)5 and (D) time (XJ 5 = 3.3204 + 0.0479 Xs)» 1921-22 to 1940-41. Arithmetic form. 
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Logarithmic form. 
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TABLE 30 


Winter Lemons: The Effect of Adjusting Domestic Shipments in 1936-37 
on the Net Regression Coefficients and on the Coefficients of Multiple Correlation 


Adjusted 
Dependent Nonagri- | Index of coefficient 
variable F.oeb. price {| Domestic cultural { tempera- of multiple 
shipments income tures correlation 


F(x) Xo Xa X4 R- 


Including 1936-37, -0.0027 0.0232 ~0.0352 0.0652 0.7867 
not adjusted (0.0005) (0.0082) } (0.0176 |(0.0191) 


-240.5343 6.8369 |-12.9784 | 27.3906 0.9494 
(46.5887) (2.5069) | (4.9377) | (2.9472) 


Adjusting 1936-37 -0.0028 0.0233 -0,0451 0.0677 0.8941 
shipment observa= (0.0004) (0.0060) | (0.0124) | (0.0131) 

tion to 2,204,000 

boxes -285 5297 25.4577 0.9686 





* x) = Seasonal average f.o.b. price in dollars per box. 
Xp = Domestic shipments of California and drizona lemons in units of 1,000 boxes. 
Xz = Index of nonagricultural income payments, 1924-25 to 1928-29 = 100. 
% * Index of mean temperatures in December, suede) in 32 metropolitan districts, 
1931-32 = 100. 
x5 = Time in units of half years, origin halfway between 1930-31 and 1931-32. 
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TABLE 31 


Summer Lemons: Intercorrelations of the Series Employed in the Regression Analyses 


x, | -0-572288 
z. ~0.548529 1 
x 0.118360 |0.452897 


3 
xs 0.272808 0.331642 
























4 x x? x e x x x x log x i 
1 2 2 3 "3 4 2i 2e 20 oi% 08 X5 
1 : 
















X, -0.026852 {0.514790 |0.347067 |-0.130167 
X,4 | --606340 0.236590 | 0.592982 1 
Xo5 0.469018 0.160461 0.519741 |-0.807169 1 
Xe ~0.562579 0.248953 0.613403 1 
Xoo 0.343487 0.157795 -0 543965 0.772969 
log xy Q .005085 1 
Og Xp 0.520499 -0.570926 1 
log x2 0.144313 0.088095} 0.430650 
x, = Seasonal average f.o-b. price of summer lemons. Xoq = Domestic shipments of summer lemons, 
X, = United States supply of summer lemons. Xo; = Imports of summer lemons for consumption. 
ee = Per capita United States supply of summer lemons. <. * Domestic shipments of summer lemons by California 
Fruit Growers Exchange. 
X%, = Index of nonagricultural income, 
a $ : = 
*3 = Index of per capita nonagricultural income. id California Fruit Growers Exchange plus imports of 
summer lemons for consumption. 
X4 = Index of temperature. 
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TABLE 32 


Summer Lemons: Reciprocal Correlation Matrices 


oe Equations ls and 2s Equations 6s and 7s 
a Xp Xo Xo4 a iets We haat 





















x) 6.562543 x 6.808934 
Xo 8.833359 14.063709 Xo 4 12.769370} 30.168585 
Xz —5 .438465 ~8.469953 | 6.132164 Xo4 5.165902] 14.248319 8.648916 
X4 ~5.079015 ~8.105168 | 5.012417 | 5 688526 Xz —5 .359076 |-12.466534 | ~5.967977 6.185965 
Equations 3s and 4s x, -5 401821 |-11.763851 | -4.591926 | 4.951939 | 6.088672 
Equations 8s and 9s 
x, 6.829170 | 
* 7659574 | 10.223064 x 
oO 2 
Xa —6 .467930 -8 176593 | 7.843269 i 12.375084| 28.082392 
*. 5.095665 | -6.655381 | 5.842061 | 5.540103 Xo, 5.282716| 13224280] 7.912748 
Equations 5s and 6s : 
log X a Xz -5 .382782/-12.008727 | -5.740498 6.170648 
hog x 5.823581 xy —5 6239562 }-11.263123 | -4.412927 4.902235 6.005772 
og X5 7.710820 | 12.347127 


0g Xz —4.511113 | -~7.077073 ; 5.085974 


x -4.694097 -7.487188 | 4.440520 | 5.561766 








For the meaning of the various x's, see table 3l. 
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TABLE 33 


Winter Lemons: Intercorrelations of the Series Employed in the Regression Analyses 


co) ° 
a ons ae Se ee a a a ea 
1 


-0.645360 









-0..710609 1 





0.234004 | 0.133585 





0.340976 





-0.169203 





—0-209951 |-0.174066 | -O.207375 
















—0.363738 | 0.849398 





0.740809 | 0.011540} -0.427189 |-0.042935 1 





-0.367142 1 





0.840508 —0 666677 1 



















0.003982 1 





0.201064 0.106258 








-0.059772 -0.234293 ~0.163422 -0.071114 


x, = Seasonal average f.o.b. price of winter lemons. 


X5 = Domestic shipments of winter lemons. 
x° = Per capita domestic shipments of winter lemons. 
x2 = Index of nonagricultural income. 


x° = Index of per capita nonagricultural income. 
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TABLE 34 


Winter Lemons: Reciprocal Correlation Matrices 


Equations 3w and 4w 


x? xo 
Sen Ge Be AE 2 


64913313 ; 63905547 

10.986835} 21.511390 8.734010 | 134545363 

-2.770949| -4.861574} 2.169333 ~2.753762 | -3.878092 | 2.403604 

2.848864| 5.048229 |-1.127880 | 2.249574 2.782599 | 3.913811 |-1.030239 | 2.201530 


—6 .663260 |-14.002538 | 3.048479 |-3.142227 {10299944 -5.015852 | -8.346937 2.854046 | ~-2.233046| 6,482752 


ee Equations 5w and 6w 


9.195382} 17.382883 
-2.-019832} -3.360642| 1.699643 
22487777 -0.780249 2.053562 


=5 6506360] -10 2975990; 2.029677 -2.406959 8.125271 





For the meaning of the various x's, see table 33. 
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APPENDIX E 


The Use of Mean Monthly Maximum Temperatures in the 


Summer Lemons Regression Analysis 


The chief drawback of the index of summer temperatures described in 
appendix A is that it is laborious to calculate. In this appendix are reported 
the results secured with the use of another temperature variable (see table 35), 
the extension of which to future seasons is relatively easye This series consists 
of monthly mean maximum temperatures, May through September, in 22 cities weighted 
by 1931-38 average unloads of lemons in these cities for corresponding ssseaiuie ae 
The weights used are given in table 36. While less sensitive than the index 
described in appendix Ay this temperature variable yields quite similar results in 
the seasonal analysiss 

In table 37 are given the regression coefficients and auxiliary constants 
obtained when mean maximum temperatures were used in place of the index of summer 
temperatures described previouslye The other variables in the two equations pre= 
sented in table 37 are those used in equations ls and 2s of table 3. It is seen 
that with feoebe price as dependent variable, the adjusted coefficient of multiple 
correlation is of the same magnitude as that corresponding to equation ls (0.9031 as 
against 029050 secured with equation ls). With the United States supply as 
dependent variable, the adjusted coefficient of multiple correlation is somewhat 
lower than the coefficient of equation 2s (0.9482 as against 0.9569), but the 
difference between them is not largee The magnitudes of the regression coefficients 
of these equations differ somewhat from those of comparable coefficients of 
equations Is and 2sy but here, too, the discrepancies are not largee It is clear 
from the foregoing that the equations described in table 37 are acceptable substitutes 


58/ Wellmany He Re Statistics pertaining to lemonse California Agre Expe Stae 
October, 1940. (Processed). 
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108, 
for equations ls and 2s presented in the texte 
In table 37 are also indicated the coefficients of separate determination 
pertaining to the two equationse It is seen that the bulk of the variation of 
fe0ebe price is attributable to variation in the United States supply, and that 
income, and especially temperature, are relatively unimportant. These results are 
similar to those secured with equation 1s,and it is thus evident that the minor 
role played by temperature,as indicated by coefficients of separate determination, 
is not a consequence of the idiosyncracies of the index of summer temperatures 
described in appendix A. But here also it should be observed that from the point 
of view of goodness of fit, temperature is an important and, in fact, an indispens- 
able independent variable,since its omission results in a marked lowering of the 
fit of both equations, 56/ 
One other point should be mentioned, namely, that the introduction of “+ime" 
as an additional independent variable does not improve significantly the fit of 
these equationse The ratios of the net regression coefficients of the added 
variable "time" to their standard errors are 329 and 1,846 respectively with fedebe 
price and United States supply as the dependent variablee The null hypothesis here 
cannot be rejected since for 15 degrees of freedom the t-ratio at the 5 per cent 
level is 20131. The explanation of the failure of "time" to contribute significantly, 
advanced in the text in connection with equations ls and 2s, is applicable here, 


for mean maximum temperatures also exhibit an upward trend during the period under 


reviewe 57/ 


56/ The coefficients of multiple correlation with feoeb. price as the dependent 
variable obtained when United States supply, index of nonagricultural income, and 
the temperature variable are omitted in turn are Ri(34°) = 0.1416, Ry (24°) = 0.5627, 


Ri (23) = 0.6699. The first multiple correlation coefficient was not adjusted be- 


cause the adjustment resulted in an imaginary value of the coefficiente 


67/ The equation of the trend in mean maximum temperatures is: 


t 
xe = 7965950 + 0.0683 x, 


where Xe is time measured in half-years with the origin half-way between 1931 and 
1932. The standard error of the coefficient of X5 is 0.0276 yielding t = 204786 
For 18 degrees of freedom the t-ratio at the 5 per cent level is 2el0le 
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TABLE 35 


Mean Maximum Temperatures in 22 Cities 


May~September, 1922 to 1941 


Year Mean Year Mean 
May- maximum May- maximum 
September temperatures September temperatures 

—_— paid dnt d 


degrees 





Source of datas 
Wellman, He Re Statistics pertaining to lemons. California Agre 


Exp. Stas October, 1940. (Processed). Extended through 1941. The 
entries are monthly mean maximum temperatures May through September in 
22 cities weighted by 1931-38 average unloads of lemons for correspond- 


ing monthse For cities included see table 36. 
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TABLE 36 110. 
Average Rail and Boat Unloads of Lemons in May, Juno, July, August 
and September in 22 Cities, 1931 to 1938 
| 

Atlanta, Ga. 5404 25.6 2404 18.6 
Baltimore, Md. 95.1 100.4 69.9 32.0 
Boston, Mass. 88.9 99.1 7467 3505 
Buffalo, Ne Ye 26 04 19.4 18.5 9.5 
Chicago, Ill. 164.5 191.8 129.5 74,0 
Cincinnati, Ohio 8162 86.7 55.9 29.8 
Cleveland, Ohio 6504 58.6 40.1 2201 
Dallas, Texas 2124 19.7 20.4 14.6 
Denver, Colo. 2320 2248 14.9 7.0 
Detroit, Miche 9361 7907 5220 28.0 
Houston, Texas 2568 19.2 18.4 14.8 
Kansas City, Mo. 3867 38.0 26.5 10.8 
Memphis, Tenn. 2666 24.0 18.4 1361 
Minneapolis-St. Paul, Minn. 39e1 $801 23.7 11.9 
New Orleans, Lae 46.6 429 34.5 28.0 
New York, Ne Ye 38765 38762 310.4 190-1 
Omaha, Neb» 17.1 19.5 10.8 4.9 
Philadelphia, Pae 153.4 152.5 113.6 5225 
Pittsburgh, Pae 7607 78 04 56.1 29.0 
Portland, Ores 15.9 12.4 12.7 9.5 
St. Louis, Moe 95.9 99.9 5946 27.9 
Seattle, Washe 20.3 13.1 16.8 11.2 

Source of data: United States Department of Agriculture. Agricultural Marketing 

Service. Carlot unloads of certain fruits and vegetables in 66 cities and im- 
ports in 4 cities for Canada. Annual issues. Washington, De. Ceo (Processed) 
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TABLE 37 


Summer Lemons: Regression Coefficients and Auxiliary Constants Obtained When Mean 
Maximum Temperature in 22 Cities is Used as the Temperature Variable 
(Figures in parentheses are standard errors) 






Adjusted Percentage of variance of - 
Dependent | Mean coeffic- |: j dependent variable ascribable 
variable Constant United maximum | ient of to 
term States cultural multiple 
supply income correla- 


tion Xp Xz x 


R 


x ~26 01255 ~0.0189 | 0.0490 | 0.4100} 0.9031 | -1.8067 7029 

i (0.0020) | (0.0071) | (0.0695) 

Xp -1,381.9485 }|~44.5889 2.5302 | 22.3450 | 0.9482 -0.4658| 38.9 
(4.8363) (0.2732) | (2.7835) 


1 Seasonal average f.o.b. price in dollars per box. 


: oe — 


a 
a3 2 Index of nonagricultural income payments, 1935-39 = 100. 
fe) 
x4 = Mean monthly maximum temperature in 22 cities, May through September. 
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United States supply of lemons in units of 10,000 boxes. 
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TABLE 38 
Summer Lemons: Correlation Matrix and its Inverse Obtained 


When Mean Maximum Temperature in 22 Cities is Used as the Temperature Variable 







Correlation matrix 


72984304 | 11.759235 







5 0875439 | 8.437056 | 7.182498 


44796239 | -66940941 | 5.337810]5.211672 


For the meaning of the x's, see table 37. 
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